CONTRACT NAS5-32605
EOSDIS V&V

APPENDIX B: ARDB ROAD MAP

Exhibit B-1 is a guide to the Automated Requirements Data Base (ARDB) listed in Appendices C, D,
and E. The ARDB is the repository for the requirements analpsigraceality data. Each column
has been identified with a letter. The corresponding definition is listed below.

A B CcC D E F G H |
Ragmt Id Update Btatus RTM ech Int_Trace QualityTegst Appendix F
DADS0010 10/7/94 2 0 o o0 F-1
DADS0020 10/7/94 2 0 o o F-10
DADS0070 10/7/94 2 0 00 F-3
DADS0100 10/7/94 2 0 00 F-24
DADS0110 10/7/94 2 0 o o F-12
DADS0120 10/11/94 1 ™ 0 1l o F-9
DADS0130 10/11/94 1 0 00 F-7
DADS0140 10/11/94 1 ™ 0 i1l o F-2
DADS0145 10/11/94 1 0 o o0 F-6
DADS0150 1011/94] 1 o 1 o F-14
DADS0160 10/11/94 1 [™] 0 1 o0 F-21
DADS0170 10/11/94 1 0 o_ o0 F-18
DADS0175 10/7/94 2 0 o] 0] F-22
DADS0180 10/11/94 1 ™ 0 i1l o F-30
DADS0190 10/7/94 2 0 o_ o0 F-31

EXHIBIT B-1: ARDB Guide

A - The requirement identifier.
B - Set by the IV&V analyst when an analysis or review begins, or when an
analysis is completed. Each time the Status is changed, the update field is also changed.
C - Status of the requirement analysis (O=Evaluation reported to NASA, 1=Evaluation complete,
2=IV&V Review in progress, 3=Analysis in progress, 4=Not yet analyzed).
D - TBD link to RTM, which will import requirement text directly from that tool.
E - Technical Integrity requirements analysis for this requirement. This column contains
an icon which points to an embedded MS Word 6.0 document.
F - Traceability rating for this requirement (number from 0-4). See appendix A for detalils.
G - Quality rating for this requirement (number from 0-4). See appendix A for detalils.
H - Testability rating for this requirement (number from 0-4). See appendix A for details.
| - Refers to the page number in appendix F where details concerning the analysisouag.be f
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EOSDIS Core System Preliminary Requirements Analysis

Testability - Requirements must be stated in quantitative terms that can be translated
into acceptance criteria.

Key Word(s) - Acceptance Criteria

Rating Definition

Major - Not testable.

Moderate - Testable, but acceptance criteria cannot be formulated.
Minor - Testable; minor clarifications are needed.

No testability problems identified.

oOrLr N

Evaluation Guidelines

Requirements testability focuses on whether requirements are testable, contain enough
information to suggest a test approach, and provide quantitative criteria to evaluate test
results.

Assign If

3 Requirement does not provide a testable function or deliverable. Summarize
requirement deficiencies.

2 Requirement yields testable function, but does not give acceptance criteria, allow
formulation of acceptance criteria, or infer a test approach. Describe, in the
engineering rationale, what additional functional detail and/or references are
needed in order to define a test approach and/or quantitative acceptance criteria.

1 Most acceptance criteria requirements can be directly extracted from the
requirement text. Some clarification is needed for some terms and/or definitions in
order to eliminate any minor assumptions. Describe what clarification is needed or
assumptions related to this requirement.
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EOSDIS Core System Preliminary Requirements Analysis

QUALITY KEY WORDS DEFINITION EVALUATION
ATTRIBUTES GUIDELINES
Accuracy Error Requirements must be | Accuracy evaluation focuses
free from error. on correctness of the
requirement.
Requirements must be | Ambiguity evaluation focuses
Ambiguity Interpretation | stated so they are not | on the interpretation of each
open to interpretation. | requirement. In this context
the content of each
requirement is examined for
clarity to ensure that only on
interpretation is implied.
Requirements must Completeness evaluation
Completeness Detail completely specify the | focuses on the existence of
product. overall goal or function being
entirely specified, void of
insufficient function or detail.
Requirements must be | Consistency evaluation
Agreement consistent with one focuses on the existence an
Consistency another, with the validity of the logical and
Harmony interfacing subsystems,| the functional relationships
and with those at the | between the requirements
Accord next higher and lower | (i.e.,uniformities and
levels. standards in notation;
technical non-contradictions
in concept and approach,
architecture and structure)
Requirements must be | Flexibility evaluation focuses
stated to allow design | on the degree to which the
alternatives and system requirement constrains the
Flexibility Design adaptability within the | design options of the
Constraints | allowable bounds of developer or limits his desigr

system constraints.

approach. (Note: This
guideline must be applied
appropriately to the
requirement document level,

e

EXHIBIT A-2: Requirement Quality Evaluation Guidelines

EOSVV-0502-10/28/94



EOSDIS Core System Preliminary Requirements Analysis

Quality - Requirements must be of high technical quality: accurate, unambiguous,
complete, flexible, and consistent.

Rating Definition

Unknown (not yet analyzed; t.b.d).

Major - serious substantive problems exist.

Moderate - some manageable substantive problems exist.
Minor - clarity and/or editorial problems exist.

No quality problems identified.

OFrRNWAA

Evaluation Guidelines

Quiality evaluation guidelines are illustrated in Exhibit B. Problem severity determination
guidelines are illustrated in in Exhibit C.

EOSVV-0502-10/28/94 A-6



EOSDIS Core System Preliminary Requirements Analysis

Traceability - Each requirement must be correctly derived from one higher level

specification and all peer-to-peer (same level) relationships must be
correctly identified.

Key Word - Linkages

Rating Definition

oOrLr N

Major - Requirement has no linkage to any next-higher level specification.
Moderate - Requirement linkage is questionable or peer linkage(s) are incomplete.
Minor - Linkages exist, but could be strengthened by rewording, editing, etc.

No traceability problems identified.

Evaluation Guidelines

Requirements traceability evaluation focuses on the existence and validity of the logical
connections (linkages) between requirements. In this context, the substance of each
requirement is examined only to the extent needed to determine connectivity correctness.

Assign If

3

1

There is no link from this requirement to any next-higher level specificaton,
requirement is incorrectly linked to a next-higher level specification. Recommend,
in the engineering rationale, to which next-higher level specification this
requirement should be linked, and why.

a) Requirement linkage to next-higher level specification is questionable.
Recommend, in the engineering rationale, why linkage is questionable, how the
linkage might be fixed, or to what other requirement the linkage should be made.

b) Necessary linkages to peer requirements are incomplete, or do not exist.
Recommend, in the engineering rationale, how the linkage could be made
complete, or to which peer requirement(s) the linkage should be made.

Correct linkages exist, but wording of requirements could be changed to
strengthen the linkage, make it clearer, etc. Recommend, in the

engineering rationale, what changes should be made to
strengthen the linkage.

EOSVV-0502-10/28/94 A-5
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EOSDIS Core System Preliminary Requirements Analysis

Traceability Verification (Existence) Problem Severity Guidelines

Major

Moderate

Minor

There is no linkage from this
requirement to the next highg
or lower level specification.
Recommend, in the
engineering rationale, to
which higher or lower level
specification this requirement

Necessary linkages to peer

errequirements are incomplete, or do n
exist. Recommend, in the engineerin
rationale, how the linkage could be
made complete, or to which peer
requirement(s) the linkage should be

made.

should be linked.

N/A
ot

g

Traceability Validation (Analysis) Problem Severity Guidelines

Major

Moderate

Minor

The requirement is linked
incomrectly to the next higher
or lower level specification.
Recommend, in the
engineering rationale, to
which higher or lower level
specification this requirement
should be linked.

a) Requirement linkage to next highe

or lower level specification is

guestionable. State in the engineerin

rationale why the linkage is

guestionable, how the linkage might b
fixed, or to what other requirement th

linkage should be made.

r Correct linkages exist,
but wording or
grequirements could be
changed to strengthen tf
dinkage, make it clearer,
eetc. Recommend, in the,
engineering rationale,
what changes should be
made to strengthen the

linkage.

Assign requirement trace rating using composite Existence and Validity criteria described
in the above tables. Assign rating which corresponds to the most severe problem.

The description of each category and associated evaluation criteria are described on the

following pages.

EOSVV-0502-10/28/94



EOSDIS Core System Preliminary Requirements Analysis

There are two categories of traceability analysis: parent-child traceability and peer-to-peer
traceability.

Parent-child traceability - Requirements at Level 2 and below should trace to one or more
parent requirement to assure that the scope of the system is not being expanded.
Conversely, requirements from Level 1 down should trace to child requirements to assure
that the scope of the system is not being reduced. Parent-child requirement trace analysis
is focused on two criteria, scope and completenisger requirement trace analysis is

focused on consistency of requirements

Scope - The linkages for each requirement are analyzed to verify that the child
requirements are within the scope of the parent requirement. Since many
requirement at Levels 1, 2 and 3 are compound requirements, the trace linkages
are often many to many. In situations where a child requirement has multiple
parents, each parent requirement must be examined to determine if the child
requirement is within scope.

Completeness - The linkages for each requirement are analyzed to verify that the
parent requirement is fully addressed in one or more child requirements. All
aspects of the parent requirement must be addressed in the linked child
requirement(s). Generally, child requirements are expected to extend the level of
detail which is given in the parent requirement.

Peer-to-peer traceability - Peer-to-peer requirement linkages are analyzed to determine if
requirements have consistency across system boundaries. Peer linkages typically exist for
requirements which define interfaces between system components or services. For
example, wherever a requirement states that a data item is received from, or is provided
to, an external element, a comparable peer requirement should exist in the external
element. As part of the Key Interface Analysis (ISVVP Section 4.9) IV&V examines peer
linkages for system components which are subject to Interface Requirement Documents.
Peer linkages for intra-component boundaries (e.g., between the ECS PGS and DADS)
are analyzed as part of the Requirements Task (ISVVP Section 4.5).

Whenever peer linkages are provided, each linkage is analyzed for correctness and
consistency. Correctness means that the linked requirements are truly peers. Consistency
means that the peer linked requirements correctly describe the same requirements from the
point of view of the two interfacing components.

Whenever peer linkages are not provided, each interface requirement is analyzed to
determine if a peer should exist. If a peer requirement is found, it must meet the
correctness and consistency criteria described in the previous paragraph.

The results of linkage problems identified during trace analysis and during trace validity
are assessed using the following severity guidelines.

EOSVV-0502-10/28/94 A-2



EOSDIS Core System Preliminary Requirements Analysis

APPENDIX A: REQUIREMENTS ANALYSIS GUIDELINES

Each requirement at levels 2, 3, and 4 will be evaluated in terms of three technical integrity
categories: 1) traceability, 2) quality, and 3) testability. Categories will be evaluated
independently of each other (i.e., it is possible that a requirement will be evaluate badly in
one category and well in another). The result of each evaluation will be quantified using a
rating scale of O (no problems) to 3 (major problems) according the specific definitions
associated with each category. A rating of 4 is a “flag” which indicates an unknown state:
not yet analyzed or t.b.d. pending further information. The technical integrity evaluation
process is illustrated in Exhibit A.

Each evaluation will include a brief engineering rationale which substantiates the assigned
rating. Whenever an evaluation indicates multiple problems at differing levels of severity,
the assigned rating will reflect the most severe case. The engineering rationale will
sufficiently characterize all (most severe and other) identified problems so that corrective
measures can be effectively applied to the collection.

Each requirement metrics data base entry will include current IV&V evaluation status
information. Status will be expressed by a numeric code indicating what work (if any) is
in-progress and the date on which the current status became effective:

Status Meaning As of Date
4 Not Yet Analyzed n/a
3 Analysis in-progress mm/dd/yy
2 IV&V Review in-progress mm/dd/yy
1 Evaluation complete mm/dd/yy
0 Evaluation reported to NASA mm/dd/yy

The technical integrity requirements evaluation process will include an analysis activity
followed by review(es) before the results are formally reported to non-IV&V personnel.
Requirements which evaluate, in eveagegory, as 0 or 1 only require peer review.
Requirements which evaluate, in any category, as 2 or 3 require peer review followed by
IV&V management review.

Requirements traceability evaluation focuses on the existence and validity of the logical
connections (linkages) between requirements. Trace analysis (validity) is distinct from
trace verification (existence) which is discussed in ISVVP Section 2.1. (Trace verification
is focused on verifying that trace linkages exist and that the linkages are between existing
requirements.) Trace analysis is a part of requirements analysis and is done to determine if
the trace linkages have technical validity. In general, IV&V analyzes linkages identified by
system developers. In some cases, where the linkages do not exist, trace analysis may be
extended to determining the linkages between two requirement levels. The process for
evaluating existing trace linkages is similar to the process of identifying the linkages.

EOSVV-0502-10/28/94 A-1
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6.2 Recommended Solutions to Important Problems

Data Definition

There doesot appear to be @nsistent, structured approach to EOSDIS dafmition (see
discussion in sectio®.1.4.1). Datadefinitions need to be developed and maintained in a
hierarchicalstructure. The use dfierarchies should also be appliedtiie system components.
This creates parallel structures for dégens and system componentstisat an appropriatievel

of detail is expressed at edekel ofthe hierarchy. When dataitem is referenced, it should be
possible to find that item within the EOSDIS data definition structure, determine what higher level
dataitem it is apart of, and what lowelevel dataitems it contains. Without a systematic
approach to datdefinition, the probability of inconsistent development increas€le situation
becomes more criticalor external interfaces. The transition from the e&ment based
architecture to the negervices based architecture increabesneed for good datkefinition. A
method oflinking the datadefinitions betweerthe two architectures needs to be devised. We
recommendhat the Projectlevelop a consistent, structured set of EOSDIS digfiaitions and
maintain them in an ESDIS CCB controlled database.

Configuration Control of Trace Linkages

The traceabilitydata forlinking requirements frontevel 1 to level Zandlevel 2 to level 3 should
be placed under formal ESDIS configuration control.

6.3 Risk Management Recommendations

Performance - We recommend a continued aggre€sSiv8DIS madeling activity and the
establishment of measurable performaboeinds. Performance bounds amnimum and
maximum performance levels that are likely to be encountered.

Evolving Standards -. We recommetitht stable portions of evolvingtandards balentified so

that theimplementation camcorporate these portions. In addition, we recommend continued
close contactwith the standardgroups. Where thetime frame ofstandards evolution is
incompatible with system implementation neddSDIS should consider definition of internal
standards.

EOSVV-0502-10/28/94 6-2
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6.0 RECOMMENDATIONS

This sectionpresents a series of recommendations for future requireraeatgsis work,
recommended solutions to important problems and risk management recommendations.

6.1 Areas Requiring Further Analysis

RequirementsAnalysis Scope - The ECS requiremerasalysisconducted thus far should be
expanded to includéhe full scope of the EOSDIS IV&V requiremendgsalysismethodology.
This includes performing technical integrity analysisthef ESDISLevel 2 requirement&£DOS
requirements, and EQ8vel 4requirements. Also, the results of the Ecom IV&V contractor’s
analyses should bmcorporated in theoverall EOSDIS requirementanalysis toprovide a
comprehensive view dhe status of EOSDIS requiremerRequirementsanalysisshould be
repeated each time requirements at any level (1, 2 or 3) are rebaselined.

Level 3 to Level 4 Traceability Fhe ECS Level 3 requirementare structured according to the
(old) segment Element architecturéPGS, EOC, etc.). The EQSvel 3 requirementare the
contractspecifications betweehe ESDIS Project and HAIS and are, thereforeptsts against
which the delivered system must be evaluated. HES Level 4 requirementsre being
organized according to the (nesgrvices architecture presentedre ECS SDRThis shift in
architecture can be expected to present sdrakbengegor definingtracelinkages betweelevel

3 andlevel 4. Due to the fact thataceability is essential to certification of delivered ECS
releases, we recommetidat 1IV&V focus on developetraceability efforts to maksure that
traceability is carried through to Level 4 and into the later life-cycle stages.

Problem Tracking - The current requiremegmslysis activityhas flaggedECS requirements
problems in the ARDB. The value of these metrics is to support tracking of progress in resolution
of requirement problems. We recomméalt V&V track ECSrequirement problem resolution
through the life-cycle.

User Satisfaction - In the user satisfaction area, it is importanapdhe user scenarios to the
Level 3 requirements. This mappinguld then be used to assess requirements coverage and
sufficiency.

ECS Release Requiremenfnalysis - ECS release-specific requirements will b@rgeted at
specific levels of capabilitpnd performance. The requirememtsalysis activitydocumented in
thisreporthas had a wide focus covering tb&al scope of the ECS. The focus of futiv&V
release analysesill be narrowed to address thepecific capabilities and performanievels
allocated to a release.

EOSVV-0502-10/28/94 6-1
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. The analysisindicatedthat thelLevel 2 requirement, 1441 regarding generation and
distribution of photographic data products is not in the Level 3 requirements. In spite of
recent advances in the techniques dagital data visualization and imagelisplay,
demands for photographigroductsstill exists and inclusion of this requirement is
recommended.

. Phased implementation tife ECShas the potential to strongly effect user interaction
during transition from one version to théher, as addressed lievel 2 requirements
1458, 1461 and 1462. Itis found that these requirements do ndinkave ECSlevel
3 requirements. As these requirementsvarg important inachieving longerm user
satisfaction they should be suitably incorporated at level 3.

. The requirement for providing easy access to the EOSDIS is achieved by providing user

access through wariety of communication links from dial up linesipportingbasic

users with low levels of query and browse activity (with limited resources), to those with
high speed networlinks and advanced workstatidacilities with access tall ECS
services. The variety of communicatilonks /networks in thepublic domainused for
access to the EC8ay animportant role in user satisfaction. It is essenliat users

are madefully aware of the extent afervice they can expect withe limitations
imposed by the communication links and the terminal equipment.

5.3 Trends and Projections

This purpose othis section is tdighlight measurable differences obserbetiveen the results of
the current requirementmalysisand previous ones; and to project ithplications ofthose
differences intahe future (i.e., whether they appear tadberging from, or convergingpward,
requirements stability). Since this is the fasalysisperformed by IV&V (i.e., the first datum), it
IS not possible, at this time, to document a trends analysis or project trends into the future.

Requirements changes artaet-of-life thatwill, almost certainlypccur over the entirlife of the
EOSDIS. The EOSDISechnical success depends, tcsignificant extent, onachieving a
requirements changeate thatstabilizes at some acceptable lewsupled with theability to
accurately evaluatea priori, the effects of proposed changesidentify those thatcan be
implementedwithout majorcost orschedule impacts. Subsequent requiremangdyseswill
define and evaluatdhe metrics needed tnake these predictions with progressivialgreasing
levels of confidence.

EOSVV-0502-10/28/94 5-5



EOSDIS Core System Preliminary Requirements Analysis

requirements, théevel 4 requirementpresent the next opportunity to remoasabiguities by
stating the specific intent.

5.1.4.3 Traceability Problems

A significant set oftraceability issues exist have been identified. Thegyesent the most
significant concern uncovered during the requirements analysis activity.

Lack of Linkage Configuration Control - THekage data usedluring thisanalysis came from
MTPE and HAIS. It isnot under ESDISconfiguration control. This meansthat multiple,
inconsistent sets of linkagkatacan exist and be used across the Proj€ctirect, omplete and
controlled traceabilitydata isessential fomaintenance of requirements baselines, requirements
change control, system development and IV&V.

Missing Linkages -Twenty fourLevel 2 Volume 1 requirements dmt havdinks to level 3
requirements.For seven of these requirements, no obvilewel 3 childrequirements could be
found. Thisrepresents possibtamissions irthe level 3requirements whickould translate into
missing functionality in the delivered system.

Excessive Numbers of Linkages and Weak Linkages - These linkages between Level 2 Volume 1
and Level 3ECS requirements withake it moredifficult to make effectivaise thdinkagedata.

For example, thewill be ahindrance to assessitige impact of a ppposedrequirements change
because they make it necessargxamine darge numbers of linked requirementsyst ofwhich

are notaffected by the proposed change. Thigdeageswill also present problemshen
requirements are linked to tests.

Missing peer-to-peetinkages -Peer-to-peelinkagesare useful in defining internadnd external
ECS interface.Their absence increases tipossibility of interfacing componentsbeing
implemented incorrectly and failing to function together properly at system integration testing.

5.2 User Satisfaction

In EOSDIS, which is an evolutionary system, with anticipated technological advances, and
increased expectations of tbeentific community, achievingser satisfaction anghaintaining it
during thelife time of the system, needs a concerted etfmbughout thelife cycle. The
evolution of thedesign ofEOSDIS is to be monitored to ensure thatdstemfully meets the
requirements of the useommunity. Requiremengnalysis is atmportant IV&V activity which

gives us an opportunity to ensure that thgh levelrequirements arkeing adequatelgddressed

at lower levels to result in user satisfaction.

The functional and performance requirements have f@ifically examinedor theirtechnical
integrity from the perspective a@nsuring user satisfaction. Resultstié analysis of the
requirements along with the identified potential problem areas are given earlier in Sectiois 4 of
report. Some of the problems potentially effecting user satisfaction are given below:

EOSVV-0502-10/28/94 5-4



EOSDIS Core System Preliminary Requirements Analysis

problemsare notsystematicallycorrected, the groupgsponsible formplementingthe individual
components may not find and resolve the inconsistencies prior to design and developthant. In
case, thgroblems wouldhot be detectedntil the integration antest stageleading torework

and delays during I&T.

5.1.4.2 Meta Requirements

Many ECS requirements aevel 2 and Level &re notdefinitive. Theyare subject to future
clarification and definition. This can be seen in requirements related to performance, requirements
on the use of standards and requirements which are ambiguous or incomplete. These categories of
“meta’ requirements are described in more detail below :

Performance - Mangmost) performance requirements are tieddatavolume andiata rates that
are TBD. Itwill be difficult to determine if thesystem design and implementatene adequate
until later in theimplementationprocess whenhe performance drivetsve been established.
Until specific performance requiremet® known, the focus must be on the growth potential of
the design. The concerntlsat thedesign be capable of scaling-upthe actual performance
requirements.

Evolving Standards - A number of requirements fmalladherence to standangdhich are not yet
complete or stable. A good exampléhe DADS requirements for adherence tolEEeE mass
storage reference model.

DADS1700 Where appropriate, the DADS shall comply with the
evolving guidelines and standards emerging from the IEEE-CS MSS
Reference Model.

The intent of this requirements is reasonable but it may prove difficult to meet.
Ambiguous / incomplete requirements - Tharre a largeumber ofECS requirementshich use

words like ‘support’ thatleavethe specific intent ofthe requirement unclear. PGS-0910 is an
example of this type of requirement:

PGS-0910 The PGS shall have the capability to support analysis
of algorithm test results.

At some point, someone in the development procésbave todecide what “supportimeans in

the context othis requirement. The earlier he development procetsat thesealecisions are
made, the better. If thembiguitiesare left unresolved, they W be inherited bythe software
component designers or even the unit designers and codetbat Adte stage it ignlikely the
designerswill be able to devote thetime andresources necessary to correctly translate the
requirement. The designerayalsofeel compelled toesolve theambiguity withinthe scope of
their assigned component or usitice no external service or interface has been identifibid.
meansthat the interpretation will bmited and may not satisfy the original, full intent of the
requirement. Short of making a large number of changes tte baselinedECS Level 3
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functionality builtinto the EOC/ICCcomplex at GSFC. The potential exigtat the“internal”

ICC will not bedeveloped to interface to the EOC in saene way as an exterfalSTER) ICC.
Sincemany EOC and ICC requirements adentical,the EOC and ICQunctionality may be
combined irnthe samesoftware modules. ThenplementedEOC code could beghtly coupled to

the ICC code so thathanges to either EOC of ICC requirements ctéedd to problems. The
danger is thathis will lead totwo types of ICCs with different and inconsistent functionality.
Both the internal ICC and the ASTER ICC should use the same interface to the EOC and the ICC
and EOC code should not be commingled.

5.1.3 Communications and System Management Segment Requirements

For both ESNand SMCinkage deficienciegweak,incomplete parent/child linkages amissing
peer-to-peerinkages) make it difficult todevelop a system which medtse original intent
without rework in the latelife-cycle phases. The inadequacy stems fritw@ fact that most
linkageswere established atioc. If acommon methodology is enforced, there exisketier
chance to deliver a system with minimum rework.

In addition, major problems exists betwdbka ability to develop the interface between the SMC
and thedifferent ECS elements. Inadequatiatadefinitions and undefinesupportfunctions in
SMC make itdifficult to assess the type dhta to be passed between the E@&snents and the
SMC. This ambiguitymaylead to a system being built which meets requirembuotsgoes not
meet theoriginal intent. As aesult, itmay require muiple iterations, asignificant resource
costs, to deliver a system which satisfies the original intent.

5.1.4 Overall ECS Requirements

This section discusses conclusions on technical integrity of the ECS requirements overall.
5.1.4.1 Data Definition

Datadefinition anddataflow diagrams have inconsistencies internalht® ECS and between the
ECS and external components. Internal toBERES, this problem is found in requiremeratbout
dataitems whichare notconsistent with the conceptuddtaflow tables and conceptuabntext
diagrams.

The problem is seen again in lookingesE S-to-external component ddtaws. Data definition
tables andlataflow (context) diagramsxist in a number of documeniscgludingthe ECS_evel

3 Spec, the IRDs and the ECS Operations Concept Document. Theenistan these documents
are presented at different, and apparently unrelated, granularities. Alsgstdra components
that the datdlows betweerare atdifferent granularitiefECS versuDAAC versus IMS, for
example).

Consistent and complete datafinition is critical to successful definition of interfaces between
internal ECS components and between the ECS and external componedtga définition
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5.0 CONCLUSIONS

This section presents conclusions reached based on the results obtained during the requirements
analysis activity. The conclusions address both the technical integrity of the requirements and
user satisfaction issues.

5.1 Technical Integrity

Conclusions on technical integrity for each of the ECS segments are presented in the following
sections.

5.1.1 Science Data Processing Segment Requirements

A total of 522 SDPS3equirements were evaluated fechnical integrity. Three majproblems

were foundall related to traceability (see requiremeB8BPS0085, PGS-0420, and PGS-0430).

In all three casedinks to Level 2requirements wergot specified. Althoughrated as'severe”,

the analysisfor each of these requirements indicdked paren{Level 2) requirements do exist

for these requirements, and withinimal effort, appropriatelinks can be established. Two
additional traceability issues were found which do not appear in the technical integrity analyses: 1)
the omission ofpeerlinks, and 2) excess number lofks to Level 2requirements. Theverall
technical integrity othe SDPS requirements canifmproved once a common methodology for
defining linkages(both peer and parent-child) acroa ECS elements is established and
implemented.

The majority ofthe remainingSDPS requirementssueswere minor andaddressed various
quality factors. Thesmallnumber of testability issuegere actually secondarnstemming from
guality issues such as ambiguous terminologyissingdetails. Minor issues such as thpsse
minimal impact to the system, and will most likely be resolved at the next level of design.

5.1.2 Flight Operations Segment Requirements

In general, no major problems exist wilie technical integrity othe Flight Operations Segment
(FOS) Level 3 requirements and these requirements should provide an adasgiatefor Level

4 and PDRwork. Thelevel of detail isconsistent with the intent of the document ahduld
provide a roadmap famplementingFOS functions. The allocation of requirements into the FOS
service areas facilitatabe understanding of timeajor system capabilities arnlde definition of
IV&V test sequences and functional threads. tHuohinical integrity othe requirements can be
augmented by continuing emalyze and define traceability informatithus providing acohesive
system specification to develop and test.

A concern for the Flight Operations Segment is the nature of the EOC to ICC interface. Separate

collections of requirements exist for the EOC and theBQidt is notclearthat the EOC to ICC
interfacewill be treatedformally. All of the EOSnstruments, except ASTER, will use the ICC
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until system integratiomest failures occur. This, inturn, complicates and delays the
integration phase.

Inconsistency Between Peer RequirementsThis problem exists where the list of data
items beingransferred from onelement tcanother isspecified differently itwo peer
requirements. This can lead itorrect system implementation. bt corrected the
problems will surface at integrativests between thaffected elements. This results in
adverse cost and schedule impacts.

4.5.4.2 Traceability Problems

Missing trace linkages - Twenty four ESDIS level 2 Volume 1 requirementsidthave
children inthe ECS_evel 3 Requirements. Suitall€SLevel 3 childrequirements were
found for 17 of these requirements. No suitable child requirements were found for 7.

Excessive numbers of linkages and wedlknkages - Too many linkages &ve been
established for someevel 2 Volume 1 requirementslhe same situation also exists for
some ECS.evel 3 requirements. In additiomany linkagesre weakExcessive numbers
of linkages and weak linkages diminish the overall value of traceability.

Missing peer linkages - For most ECSlementspeer-to-perlinkages havenot been
established. Establishingeer linkages makes it possible to identignd correct
requirements inconsistencies between interfacing components. h&lpeyo maintain
consistency when requirements are changed.

4.5.4.3 Testability Problems

Many testability problem&und resulted from one or mogeiality problems identified
for the requirement. Where a requiremeranbiguous it is naturally difficult tdefine
acceptance criteria.

Other testability problem resulted from function triggerst being specified. Most
functional requirements dwoot specify whattriggers the function. Sometimes you can
make an educated guess by looking at the data that is input to the function.

4.5.4.4 Lessons Learned Not Addressed in Requirements

Level 2 and Level 3 requirements dot addresspecific lessons learned fromther GSFC data
and information systemsFor example, requirementbat thesystem be able to cope with bad
data. The system shouidt crash in thdace of unexpected or baédta. Thesystem should also
institute a process to resolve the problem. Also, requirements are neepexpérhandling of
time transitions such as new year, mdecade(millennium), leapdays, etc. The system should
not behave incorrectly when any of these types of transitions occur.

EOSVV-0502-10/28/94 4-33



EOSDIS Core System Preliminary Requirements Analysis

4.5.4.1 Ambiguity Problems

The use of wordsike “support” in numerous requirements leaves $ipecific intent of the
requirement unclear. In some cases the purposseif @requirements can be determined from
the text sectionpreceding thenumbered requirements. However, thingd &vaysthe case.
The combination of ambiguous wording of some requireme&rgether with incomplete
descriptions of purpose and context zad to requirements misunderstandings and incorrect or
incomplete implementations.

. Requirement does not itemize which functions it applies toFhis situation is seen in
FOS requirementwhich saythe FOS must supporttaaining mode and gest mode.
They donot say which functions have to be includedhiatraining mode othe test
mode. The expectation is thalt functions withinthe segment will bancluded unless
the developer camake a convincing argumetitat some are unneedeithhpossible to
include or impractical (too costly) to include.

. Requirement is not complete or self contained There areseveral different cases of
this situation.

1. The missing information inthe requirement idirectly derivable from the
introductory text, requirement context, DFD, etc.

2. Themissing informatiorcan be inferred frorthe introductory text, DFDs, and
surrounding requirements

3. The missing informationcan be inferred from knowledge tbke overall
EOSDIS and ECS program and general practice for ground systems at GSFC.

4. The requirement is truly ambiguous

We shouldnot consider cases 1 and 2 to be ambiguous. The introductory paragraphs
are just as contractuallyinding asthe numbered requirement statements. Tran
impact is incomplete traceability and the possibility of incorrect interpretation. Case 3
deserves to be flagged (dependinghonv widely the program/GSFC knowledge is
known) and Case 4 definitely should be flagged.

. Inconsistent Terminology - A number of inconsistencies in terminology useur
throughout the ECSLevel 3 requirements. Theyesult in some potential for
misinterpretation and subsequent implementation problems.

. Data Definition and Data Flow Problems - Inconsistencies aneérrors in data
definitions anddataflows exist inthe ECS requirementsA typical example is when a
dataitem inthe contextdiagram isnot included inthe requirement statement. In the
SMC requirements thdata definitions are not asletailed as in th@ther elements.
There doesnot appear to be a structurednsistent approach to EOSDIS data
definition. At a minimum, these problems incredmeeffort required to correcttiefine
internal and externaECS interfaces. They also increasdhe probability of
implementation errors affecting interfaces. Interiacerscan be latent anabt surface
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4.5.3 Communications and System Management Segment Requirements

Theidentified problemg$or the ESNand SMC aranalyzed in thisection. Thenalysis igyeared
toward identifying the severity of th@roblem andhe probablempacts thereof inhe different
life-cycle phases. The order of the analysis is from the most severe to the least severe impacts.

. Missing peer linkages Most linksshowing the association between H@S segments
and the external interfaces dotexist. The absence of thdsd&ages make itlifficult
to identify incompleteinconsistent omissingrequirements. Thuspecificcomponent
tests may succeed, but the integrated componanty fail toprovide theintended
services. The resources requiredfikothe problemmay be significantesulting in
milestone slippages or cost overruns.

. Questionable Level 2inkages The number of weak and incomplétékages to the
Level 2 requirements hidéhe main purposebehind deriving aparticular level 3
requirement. In testing the system, a largeber of loosely coupldohkages serves to
hidethe essence of what is to &ecomplished, making it difficult to differentiate the
coreand supplemental services. THimlity to identify the impacts of a requirement
change, in all phases of the program, are affected by the linkage deficiencies.

. Broad scope. The lack of detail imlefiningthe supportapabilities impacall phases of
the life-cycle. It will be difficult for the developer to develop an architecture for
undefined capabilities. The developer wwilbstlikely build aset ofcapabilities that fit
the schedule, andot necessarilythe intended function. If the functions aescribed
more precisely, unnecessary rework can be avoided.

. Inconsistent terminology or functionality. The inter-segment messagesEi6S for
the SMC are sketchy, at best. Becausmainsistencies ithe terminology describing
data senfrom the SMC to thalifferentECSelements, it is difficult to determinghat
needs to be built. These kinds of ambiguitisld result in implementation differences,
which if not caughearly, could impact component testing. Minor inconsistencies in
terminology identified irotherrequirements doot necessarilyposesignificant impacts
to system development, however could cause discrepancies in developméastand
documentation.

. Redundant requirement. When adding new capabilitieene requiremennay be
changed anahot the other.The missed requirements changgy becoupled totest
plans which can be used to determine the life-cycle impacts.

4.5.4 Overall ECS Requirements

This section discusses the overall impacts of the requirements problems identified earlier.
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Issue Description Issue Type Potential Impacts
Broad scope. Quiality * Incomplete, or incorrect implementation of systgm
Testability features based on assumptions made to clarify
missing details.
Incomplete Quiality * Intended features are missing.
requirement. * Inconsistent interfaces.

EXHIBIT 4-19: Potential Impacts of SDPS Requirements Analysis Issues

4.5.2 Flight Operations Segment Requirements

Overall, no significant problemesulted as a consequence of dhalysis ofFOS requirements.
The identified problems involved either traceability or ambiguity issusd affected amall
portion of the requirementsyet it isbeneficial to examinBow thesassues could affecystem
development activities and whstieps can benplementedminimize the impact and benefit the

program.

. Impact of Traceability Issues - Incomplete traceability information can result in
functionsnot meetingall specifiedequirements. Maintaining traceabildgtacan assist
the program byroviding a means of obtaining additional informatdiout aparticular

requirement.

The user calarify uncertainties

byanalyzing the origin of the

requirement and associated lower level specifications. In addition, informatmwaan
requirement relates tather similar functions can provide a completgystem

specification that can

be useful during development and testing activities. A

recommendation in this area is formalize configurationcontrol of traceability
information in order to provide a single set of links that can be utilizatl pgrticipants
This would ibgplemented by continuing to perform

during system development.
traceability analysis to add new linkages and refine existing ones.

. Impact of Ambiguous Requirements- Ambiguous requirementare mostikely to
affect system development activities by altetimg amount of resources allocated to a
certain function. Broad requirements andiaonsistent terminology can translate into
different interpretations bthe developers thus creating passibility of a faulty or
incomplete functional implementation. This becomes ewvere critical in requirements
addressing systemevel orinterface functions. Ambiguous system requirements can
create gray areaequiring additional use of resources durimplementation. The
additional resourcesnay beneeded to provide increased coordination and prevent
duplication of effort and talosely manage interfacdsetween dependent functions.
Ambiguous requirements would then need monitoring to enghae the desired
functionality is preserved as detailed requiremeats generated. Again, a
recommendation is to furnish requirement informatiorth® program through tools
such as RTM to assist in the understanding and interpretation of requirements by
providing a source of additional clarification.
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Issue Description

Issue Type

Potential Impacts

Missing peer linkages.

Traceability|

Difficult to perform impact assessment of Level
requirements changes.

Inconsistent interfaces within the SDPS, or
between the SDPS and other ECS segments o
external systems.

Missing peer
requirement

Trace
Quality

Extraneous interface to another SDPS element
ECS segment.

Missing interface to another SDPS element or §

segment.

Incompatible interfaces within the SDPS, or
between the SDPS and other ECS segments o
external systems.

Difficult to perform impact assessment of Level
requirements changes.

or

CS

Inconsistent level of
detail.

Quality

Incomplete, or incorrect implementation of syste
features based on assumptions made to clarify
missing details.

Inconsistent interfaces.

Inconsistent data flows

. Quality

Incomplete or inconsistent interfaces between
SDPS and other ECS segments, external syste
or external facilities.

us

Inconsistent
terminology or
functionality

Quality
Testability

Varied, incomplete, or incorrect implementation
system features based on differing terminology
functionality.

Inconsistent system documentation (e.g., interfa
documents, test plans, user manuals, operation
manuals) .

Quantitative acceptance test criteria based on
incorrect assumptions.

of
DI

\ICE

Ambiguous wording.

Quality
Testability

Varied, incomplete, or incorrect implementation
system features based on assumptions require(
clarify terms.

Inconsistent system documentation due to diffe
definitions.

Test plans/procedures and/or acceptance test
criteria based on incorrect assumptions.

of
] to

ng

Questionable standard
or guidelines.

s Quality
Testability

Varied, incomplete, or incorrect implementation
system features based on evolutionary state of
standard.

of

Redundant requiremern

tQuality

Multiple, and possibly different, implementations
similar features.

Excess software development and configuratior]
management resulting in excess costs.

of
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Req’t ID |Link Count
651 100
1339 95
1416 49
1322 46
876 46
1252 42
892 41
1116 40
1158 39
1187 38
599 38

EXHIBIT 4-18: Partial List of Level 2 Volume 1 Requirements with Excessive Linkages

4.5 Analysis of Results

4.5.1 Science Data Processing Segment Requirements

Essential tothe requirementanalysis isthe identification of the impactsthat each type of
problem, whether minor, moderate, or severe, could pose to successive ECS design, development,
and implementation phases. The requiremamddysisresults for the SDPS, DADS, IMS, and

PGS requirements in Secti@n3.2 show thekinds of problems found asell as the specific
requirement®xhibiting those problems Exhibit 4-19 presents potentiahpacts associatedith

each of these problem areas.

Issue Description Issue Type Potential Impacts
Questionable Level 2 | Traceability | Level 2 SDPS requirements are not completely
linkages. satisfied.

* Implementation of excess (unintended)
functionality that could impact cost and schedul

 Difficult to perform impact assessment of Level
requirements changes.

* Incomplete or incorrect requirements traces in test

\1%

W

documentation.
Missing Level 2 Traceability |« Implementation of excess (unintended)
linkages. functionality that could impact cost and schedulg.

* Missing requirements traces in test documentatjon.
 Difficult to perform impact assessment of Level
requirements changes.

W
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4.4.4 Level 3 Communications and System Management Segment Requirements

This section describabe adversempactsthat theidentified traceability and quality issues for
CSMS may have in later life-cycle phases.

The potential impacts described in sectibd.1 for the EOSDrequirements apply with the
following clarification:

. Operationally Ambiguous System Capabilities Undefinedsupportcapabilities and

inadequate datdefinitions increas¢he chances afelivering capabilitieghat do not
meet the original intent.

4.4.5 Level 2 Requirements

This section describes potential problems with ESDIS Level 2 Volume 1 requirements.

Configuration Control of Traceability Data

The ECS Level 2 to Level 3 linkages are not currently under configuration control link#dge
data is notconfiguration controlled, multiple and inconsistent versions ofinkagesdata may
exist. These linkagesre important to the ESDIS Projesystem developers, and&V. The
Project and HAIS needs thebekages to do impact analysis pfoposed CCRs. HAI&lso
needs them to assure their systamplementation is satisfyingll applicable Level 2equirements.
The linkages are critically important to IV&V for many verification and validation activities.

Excessive Linkages

Many Level 2 Volume 1 requirementse linked to an excessively large number of Level 3
requirements.  The benefits lmdving parentchild linkages igeduced when largeumbers of
links are identified. Exhibit4-18 lists some ofthe requirements with the highesimbers of
linkages.
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. Questionable Derivation of Performance Specifications A number of Level 3
requirements included performance specifications thate derived from but not
included inthe Level 2 requirements. Requirem&®C-4210,which states thatthe
EOC shall process andutput a singlereal-time emergency command within 500
milliseconds of receivinghe request from the ICC,.” is oegample. This EOC
requirement is linked to Level 2, Volume 1 requireme78 which states that ECS
shouldnot contribute more than 2.5 seconds to the end-to-enddelayfor real-time
spacecraft commanding. It is clehat the EOQequiremenfalls within the allocated
margins ofthe Level 2 requirementhut what is noevident is how thespecific 500
millisecond figurewas derived. Sinate 500millisecondsconstitutes the EOC portion
of the total ECSlelay,the Level 2 requirementannot befully evaluated at thiime
because thenly otherelement hat has provided its portion of tltelay has been the
ICC (ICC-3360, 200milliseconds). Additional analysis ieeded to determine the
validity of these derived specifications onttee full allocation is known. Thenain
guestion is whether these figunesre arbitrarily derived or if theyare the result of a
formal analysis ostudy. This isone area where usage of the RTM tool lbanefit the
programsince it provides a “clarificationfields for each requirement where the users
can enter rationale and other reference information.

. Incomplete Traceability to System Level Requirements The review oftraceability
information for FOSelements showethat in anumber of occasions linkagegere
specified between Level 3 requirements sindlar Level 2requirementsvhile linkages
to Level 3 ECS system wide requirementsere notprovided. Oneexample is
requirement EOC-822Which addresses fault isolation. This requirement Iesn
linked to individual Level 2equirements but niimk was found to the EC8ystemlevel
requirement EOSD-0800. EOSD-0800 addrefsals isolation and currentlihe only
way to sedhe relationship between EOC-8220 aa@SD-0800 is through the parent
Level 2 requirementYet this is one case where a péek should exists and where it
can be utilized toverify the stand-alonmtegrity of the Level 3 requirements and to
ensure that system wide requirements are addressed within the elements.

. Partial Interpretation of Compound and Broad Level 3 Requirements This is one
area to beexamined duringhe evaluation ofevel 4 requirements. A number of the
Level 3 requirements make general referencessupport certainfunctions or
accommodate and provide interfacetberelements. Of importance is to determine
how thelLevel 4 requirementsapture the intent and provide the required specification
to proceed with the design.
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. Traceability of Level 3 to Level 4 requirements due to SDPS architecture shiftA
potential problem exist in the translation of Level 3 DADS, PGS, and IMS requirements,
developed according to a “segment/element” approacthethevel 4 requirements,
which are being developed according to a “service oriented” approach. A consistent and
complete traceability between Level 3 and Level 4 requirements is essential to ensure
that functionality is not lost.

. Loss of intended functionality as requirements are further decomposed As
pointed out inSections 4.3.2.1-3, there aseveral instances whetbe traceability
linkages betweethe requirements are in question. In some qasgs IMS-0590), it
appears thatsome Level 2 functionalitywas omitted as the requirement was
decomposed tdevel 3. The magnitude of problems like these could increase
significantly should the problems proliferat@oughsuccessive phasestae design and
implementation.

. Inconsistent interfaces Although minor, ifnot resolved, inconsistencies found in the
interfaces betweeSDPS elements anabther ECSsegments, external facilities, and
external systems could severely impact overall system performance.

4.4.3 Level 3 Flight Operations Segment Requirements

In addition to thedentified problemsthe analysis othe Flight Operations Segment requirements
highlighted several potential issues that might arise as developmensystérgprogresses. The
following is a summary of the major potential problems:

. Functional Gaps Due to the Integration of EOC and ICC Requirements Prior to
the analysisthere wagliscussion duringhe SDR aboutombiningboth the EOC and
ICC requirements. Since such action had not yet been incorporated into the requirement
documents, the V&V teamanalyzedthe requirements as thsetood. During
traceability analysis, ivas noted thadome requirements whiahereidenticalfor both
areas andvhich traced tathe sameparent were nolinked aspeers. It appears that
currently specifiedoeer linkages onlyaddress functionsvhich require an interaction
between the elements. It would be beneficial to expand the definifpmedinkages to
include similarrequirements derived from tBameparent because sugtformation can
show thecommonality between element&or instance, if the EOC and ICé&ements
are integrated, the peknkagescould be used to determine what is already provided
within the EOC anavhich uniquelCC requirements need to bwintained or allocated
to other functions.

. Another related issue is to enstinat any integration of EOC and ICC requirements
accommodates non-U.S. external ICCs. [Taeel 3 requirements currentgtate that
external non-U.S. ICCshall interface in thesame manner ad.S. ICCs but if the
boundary between the EOC adds. ICCsbecomes blurred may berequired to insert
new requirements to address the international partners.

EOSVV-0502-10/28/94 4-25



EOSDIS Core System Preliminary Requirements Analysis

4.4 Potential Problems

4.4.1 Level 3 ECS System Level Requirements

This section describeéke adversanpactsthat theidentified traceability and quality issukes the
EOSD requirements may have in later life cycle phases.

. Inconsistent Interface Design- Missingpeer-to-peelinks can lead to implementation
errors between thaterfacing componentsThis may occur if therequirements for the
interfacing components are inconsistent.

. Operationally Unacceptable System Capabilities Inconsistent use of terminology
creates thepossibility of requirementsisinterpretation, resulting in somethibging
built that meets the requirements but does not meet the original intent.

. Multiple Test Case Overlaps- Peer-to-peelink deficienciesmake it difficult totest
threadsinvolving multiple elementssegments or system components.th# linkages
exist, then the path through the requiremspeificationtree for aparticulartestcase
can be found more quickly, reducing the number of test cases and test overlap.

. Incomplete or Inaccurate Test Cases As a result of inaccurate, incomplete, and
weak child/parent linkages, test cases may overachieve, underachieve or comigketely
a requirements intent.

. Incomplete System Impacts- The numerous weak child/pareliikages make it
difficult to assess the life-cycle impacts of a particular requirements change.

. Incomplete Requirement Changes When adding new capabilities attempting to fix
requirement deficiencieshe changes to the requiremspecifications needed to
incorporate the changenay not be apparent.Unless peer-to-peerrequirement
relationshipsare established, redundant requirements incrédasechances ainly one
requirement being fixed, resulting limeakage thamay propagate throughout thiel
cycle. Strong peer-to-peeand parent/child linkages incredke chances ohaking a
change without breakage.

4.4.2 Level 3 Science Data Processing Segment Requirements

The objective of this section is to present additional probkais couldarise in subsequent
phases of the ECle cycle based on the requiremeraisalysis ofthe Science [@taProcessing
Segment. The impacts of each type of prolentified inSections 4.3.2.1-3 amiscussed in
Section 4.5.1. A summary of potential SDPS problems follows.
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1599 | 3-19 | The ECS shall be capable of expanding to accommodg&ction 3.8
data ingest and processing for U.S. instruments on EOSDO0545,
international partner spacecraft without major redesign.SDPS0170,
PGS-1310,
PGS-1270,
PGS-1270,
DADS1640,
DADS3090,
IMS-1800,
SMC-0300,
SMC-0310
ESN-0240,
ESN-1207,

1602 | 3-17 | The ECS shall have the capability to ingest documentation. IMS-0490

1608 | 3-15 | The ECS shall interface to external instrument control| Sections 6.1; 6.2;
centers in accordance with an ECS standard interface| and 6.5.1.1

EXHIBIT 4-17: Recommended Links
Note thatsome of the candidatimkagesare to general sectiomsthin the Level 3 requirements
document. The current requiremetittkage scheme onlgupportslinks between numbered
requirements.

Weak Linkages

Many Level 2 to Level 3 linkageme weak, thas, there is no apparent reasontfo linkages

that can be discerned by looking at the text of the two linked requirements. These linkages should
be recommended for deletion. These wiatagesare cited in théevel 3 to Level 2 linkage

results given in Sections 4.3.1, 4.3.2, 4.3.3, and 4.3.4.

Other Problems

Requirement 576 has a reference ticegel 2 Volume requirement number ‘xxxxThe ‘Xxxx’
should be replaced with the correct requirement number.

“576 The ECS shall contribute no more than 2.5 seconds to the
end-to-end loop delay for ESDIS real-time commanding of the
spacecraft in compliance with ESDIS Project Level 2 Requirements
Volume 0 Overall ESDIS Project Requirements: requirement XxxX.
.c.576 CH19"

The Level 2 Volume 1 Appendix A has not been updated for changes CH18 and CH19.
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1577 | 3-4 | The ECS shall support the ESDIS Project requirementsSection 2.1.1
relevant to ECS as specified in the ESDIS Project LeveApplicable
Requirements Volume 0: Overall ESDIS Project document 9
Requirements.

1579 | 3-4 | ECS shall support the mission baseline identified in the Section 2.1.1
ESDIS Project Level 2 Requirements Volume 0: OverallApplicable
ESDIS Project Requirements. document 9

1586 | 3-20 | The ECS shall provide sufficient processing capability t¢*GS-1300
support algorithm integration and test concurrently with Sections 4.3.4; and
processing of new data. 7.5.1.3,

PGS-0600,
PGS-0870

1596 | 3-28 | The ECS shall maintain user audit trails for security andeOSD3200
other accountability conditions. SMC-6315,
SMC-6325

1597 | 3-28 | The ECS shall provide the capability to account for EOC-8150,
resource utilization. EOC-8370,
ICC-6080,
ICC-6200,
PGS-0370,
Sections 7.5.2.2.1,
and 7.5.3.1.11,
DADS0890,
DADS1470
Table 7-3
IMS-1650,
IMS-1660
SMC-6360,
SMC-6390,
SMC-8840,
SMC-8920

1598 | 3-14 | The ECS shall be capable of expanding to accommodaections 3.8; and
the operation of U.S. instruments on international partnér5.1.1
spacecraft without major redesign. EOSDO0545

ECS shall be able to accommodate growth (e.g., capacity)
in all of its functions as well as the addition of new
functions.
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L2 Pg. | Requirement Text Candidate
Req't | # Linkages
1396 | 3-6 | All users shall access the EOSDIS ground segment | IMS-0030
through Information Management services at one of the
system access nodes.
1447 | 3-21 | The ECS shall store data and related metadata ina | DADS3126
standard, fully-defined format. Sections 3.4.3; and
7.53.1.2
DADS0440
DADSO0770
DADS0800
DADS1475
DADS3125
1448 | 3-21 | The ECS shall provide quality information with the EOC-5050
spacecraft parameters prior to archiving. ICC-4070
Section 7.2
1458 | 3-29 | The ECS shall be implemented in a sequence of versipi&ections 3.2.1; and
each of which shall incorporate improvements and 7.5.3.2.1
modifications based upon user experience with precedifieCS SOW
versions. SDPS 0085
1461 | 3-29 | The transition from one version to another shall be ECS SOW
contingent upon user acceptance of the new version.
1462 | 3-29 | The transition shall be accomplished with minimal ECS SOW
interruption or degradation of services to EOSDIS usefsSection 7.5.3.2.1
1564 | 3-29 | The ECS shall ingest from the external instrument conti®éctions 6.5.1.1.6;
centers instrument operations history, command histotiés5.1.1.7; and
engineering and housekeeping data and associated | 6.5.2.2.1.6
metadata. Tables 6-2 and 7-2
ICC-4800,
ICC-4810,
ICC-4820,
ICC-6200
1565 | 3-18 | The ECS shall generate prototype data products, but s&PS0030
processing shall not interfere with standard data producsections 7.5.1.1;
generation. and 7.5.1.4c
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L2 Pg. #| Requirement Text
Req't

509 | 3-3 | The ECSshall maximizethe scientific return from the EOS programith the
most economical use of resources throughout the life of the program.

518 3-3 | The ECS shall maximize opportunities for commonality within the system.

1367 | 3-16 | The ECSshall generate and validate command sequencesotdrol the
operation of the x-band direct down link.

1570 | 3-25 | The ECShall have availablfor user access metadata information for-B@5
data products ihas received and retained according to establER&SDIS
standards.

1573 | 3-28 | The ECS shall support verification of all external interfaces (e.g., EDOS).

1592 | 3-27 | The ECS shall receive management information from ECOM and EDOS.

1603 | 3-7 | The ECSshall take advantage dbcal user workstations to optimizgystem
performance.

EXHIBIT 4-16: Childless Level 2 Volume 1 Requirements

For 17 of the 24inlinked requirements, candidate linkages to Lew&hildl requirement(s) were
identified. Exhibit 4-17 lists these requirements and the candidate linkages.
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4.3.5.1 Traceability to Level 1 Requirements

Traceabilitydata between EOBevel 1 andESDISLevel 2 Volume 1 requiremenigas obtained
from the Mission to Plane&arth Office. The analysisrevealedthat many Level 2Volume 1
requirements daot havdinkages tatheLevel 1IEOS ProjecPlan. Intotal, 40% of thd_evel 2
Volume 1 requirementd,07 out of268 requirements, wermt linked to Level 1 requirements.
The absence olinkages does notnecessarily indicate thahese are orphan requirements.
Additional work isneeded tadentify the linkages andrerify thattheselevel 2 requirements have
Level 1 parents. Twaminor traceability problemsvere foundwhich involved questionable or
incomplete traceability to Level 1 requirements. Exhibit5 summarizesthesetraceability
problems.

Issue Description Number of Affected Requirements
No Level 1 linkages identified 107

Incomplete Level 1 linkages 1

Questionable Level 1 linkages 1

EXHIBIT 4-15: Summary of Level 2 to Level 1 Traceability Issues

4.3.5.2 Traceability to Level 3 Requirements

Unlinked Requirements

Thelinkages betweethe ESDIS_evel 2 Volume 1 requirements aB@€SLevel 3 requirements
wereexamined to find unlinked Levelr2quirements. A total of 2dnlinked requirement&ere
found. Apreliminarysearch of the ECvel 3requirements was made fiad candidatechild
requirements. Suitable LevelkBild requirements couldot befound for 7 of the24. Exhibit 4-
16 lists the 7 childless requirements from ESDIS Level 2 Volume 1.
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Questionable Level 2 linkagesMultiple linkages to Level 2 requirements exist for
several SMC requirements, thus obscuting origin from whichthese requirements
were derived.

Quality Issues

Inconsistent terminology or functionalityMany interfacesare describedsing the
terms *“attributes” and “directives”, with no hint at the typelaffa to be sentThese
data descriptions arenconsistent with thdevel of detail found in the Level 3
specification for otherelements. For instance, the DADS contexdiagram is
supplemented with a detailed table descriltiregdata source, data destination, and data
content. The ternielement” isused inconsistently. LSM is described aselment
which manage®ther ECSelements. In fact, LSM is part of the SMCelement
distributed across the ECS elements.

Broad scope. An interface between system components and elengamsot be
established for broadlyefined functions, such athe support of groundvent
scheduling, resolution services, and training certification.

Issue Description Issue Type| Associated Requirements

Missing peer linkages. Traceability SMC-1000, SMC-1310, SMC-1330, SMC-2210, SMC-

2300, SMC-2320,SMC-2510, SMC-2530, SMC-2540,
SMC-2540, SMC-2600, SMC-2610, SMC-2620, SMC-
3300, SMC-3310, SMC-5320, SMC-6300, SMC-
6400,SMC-6410, SMC-8890, SMC-8920

Questionable Level 2 | Traceability | SMC-2420, SMC-2600, SMC-4305, SMC-7310, SMC-

linkages. 7320, SMC-8700, SMC-8730, SMC-8750, SMC-8770,
SMC-8790, SMC-8800, SMC-8820, SMC-8840, SMC-
8841, SMC-8860, SMC-8880, SMC-8890, SMC-8920,
SMC-2605, SMC-8305, SMC-8705

Inconsistent terminology Quality SMC-1330, SMC-2520, SMC-3421

or functionality.

Broad scope. Quality SMC-1300, SMC-1330, SMC-1500,SMC-2400, SM({-

2410, SMC-2420,SMC-2430, SMC-2450, SMC-2510

EXHIBIT 4-14: Summary of SMC Issues

4.3.5 Level 2 Requirements

This section describes identified traceability problems associatéh&ithCS portions of the EOS
Level 1 requirementsthe ESDIS evel 2 Volume 1 requirements aritdle ECSLevel 3
requirements. Traceability problems between Level 3 and Lewsk 2discussed in the ECS
element sections within section 4.3.
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. Questionable Level 2 linkagesA smallnumber of links to Level 2equirements are
weak, incomplete, or inaccurate. Wdalkages, such as these, hdte potential to
obscure theorigin of a particular Level 3 requirement, wsll as make it difficult to
gauge to what extent the ESN interaestth a particular element in providimgetwork
services.Forinstance, ESN-0010 and ESN-1181 describe the need EBldBulletin
Board Service. It igotclear how (througtelementreporting, ESN reporting or both)
the bulletin board is populated or to what extéalement applicatioavailability status,
connection availability status, etc.).

Quality Issues

. Redundant RequirementsESN-0240 states generic need for thexpandability of
communication resources, whereas ESN-1207 describes to what extent the
communication services should be expandable. The latter requiremenprewsely
specifiesthe quantity ofjrowth required, whereas the former is mambiguous and

open-ended.

Issue Description Issue Type | Associated Requirements

Missing peer linkages. Traceability ESN-0010, ESN-0080, ESN-0250,
ESN-0280, ESN-0290, ESN-0640,
ESN-0815, ESN-0830, ESN-0900,
ESN-1060, ESN-1181, ESN-1206

Questionable Level 2 linkages. TraceabilifyfESN-0005

Redundant requirements. Quiality ESN-0240, ESN-1207

EXHIBIT 4-13: Summary of ESN Issues

4.3.4.2 System Management Center Requirements (SMC)

The SMC section consists of 145 functional and performance requirements. Exhibit 4-14
summarizes the issues found; detailed descriptions and recommendations for each of these
requirements are in Appendix C, D, and E. Traceability and quality issues identified are
summarized as follows:

Traceability Issues

. Missing peer linkagedPeerinkageswere notspecifiedfor any ofthe 145 ECSystem
level requirements
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Testability Issues

. Ambiguous wording Assumptions as to th@eaning ofthese words or phrases are
required to define a test approach and/or quantitative acceptance criteria.

Broad scope The requirement i®o general. Due tmissingdetails, assumptions are
required to formulate a test approach and/or quantitative acceptance criteria.

Issue Description Issue Type Affected Requirements
Missing Peer Linkages. Traceability | ICC-1050, ICC-1160, ICC-2015,
ICC-2055, ICC-4800, ICC-4810,
ICC-4820
Questionable Level 2 Traceability ICC-2010, ICC-3020, ICC-4090,
Linkages. ICC-4470, ICC-4830
Ambiguous wording. Quality ICC-1082, ICC-4110, ICC-4480
Testability ICC-4110
Broad scope. Quality ICC-0070, ICC-2120, ICC-4540,
ICC-4545, ICC-6020, ICC-6600
Testability ICC-0070, ICC-4545, ICC-6020,
ICC-6600

EXHIBIT 4-12: Summary of ICC Issues

4.3.4 Level 3 Communications and System Management Segment Requirements

The CSMS segment is comprised tfo elements, th&SN and the SMCwhich provide the
communication and system management capabilities that allow the ECS to operate as an
integrated information management systerighlights ofthe major CSMS requiremenssues
are described in the subsections that follow.

4.3.4.1 EOS Science Network Requirements (ESN)

The ESN sectionconsists of 66 functional and performance requirements. Exhib&
summarizesthe issues found; detailed descriptions and recommendations for each of these
requirements are iMppendix C, D, and E. Traceability and quality issues identified are
summarized as follows:

Traceability Issues

. Missing peer linkages Peerlinkageswere notspecifiedfor any ofthe 66 ECS3ystem
level requirements
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Traceability Issues

. Missing peer linkages. Peerlinkageswere notindicated for several requirements.
Requirements ICC-1050, ICC-1160, and ICC-2055 didspetify links torelated DMZ
requirements. Requirement ICC-2015 dat specify a link to aelated EOCPlanning
and Scheduling requirements. RequiremEX&-4800, ICC-4810, and ICC-4820 were
missing peer linkages to DADS requirements.

. Questionable Level 2 linkagesThe completeness and/or accuraciefel 2 linkages
was questionable in several requirements.

Quality Issues

. Ambiguous wording The general purpose of the requiremeninderstood, however,
in the contexgiven,the word omphrase coulgield more than one interpretation. The
term “Conformity Checkfor DAR is ambiguous in ICC-1082. Itm®t clear what was
involved in performing this verification.

. Broad scope Several requirements astated in broad terms requiaglditional detail
for clarification. Example issues include the following:

ICC-0070: This requirement to accommodateftware and hardware provided by the
Instrument Team was is broad and needs a narrdeferition and reference to an
interface standard.

ICC-2120: Examplesare needed tolarify the typical activitieshat are to be supported
(i.e., calibration, etc.).

ICC-4545: Criteria is needed for a&apability to recommend instrument
reconfigurations It wasnot clear from the requirement what action or event would
trigger these recommendations.

ICC-6020: Clarification ofthe capability ofICC toestablish its configuration is needed.
This requirement was ambiguous and needs additional information to define its scope.

ICC-6600: Clarification of performance criterir thesystem torespondwithin 0.5
seconds is needed. Itnstclear from the requirement if the response is associated to
obtaining a prompt or executing a certain function. Also the system loading assumed for
the response should be clearly stated to prevent assumptions.
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obtaining a prompt or executing a certain function. Also the system loading assumed for
the response should be clearly stated to prevent assumptions.

Testability Issues

. Inconsistent terminology or functionalityvarying terminology requires assumptions in
defining a test approach and/or quantitative acceptance criteria.

. Ambiguous wording Assumptions as to th@eaning ofthese words or phrases are
required to define a test approach and/or quantitative acceptance criteria.

. Broad scope The requirement i®o general. Due tmissingdetails, assumptions are
required to formulate a test approach and/or quantitative acceptance criteria.

Issue Description Issue Type | Associated Requirements
Missing Peer Linkages Traceability EOC-4168

Questionable Level 2 Linkages TraceabilityeOC-2180, EOC-2190, EOC-2200,
EOC-2250, EOC-2350, EOC-3080,
EOC-3160, EOC-4005, EOC-4060,
EOC-4100, EOC-4130, EOC-4160,
EOC-4168, EOC-5110, EOC-5200,
EOC-6080, EOC-6150, EOC-6195,
EOC-7115, EOC-7116, EOC-7125,
EOC-7140, EOC-7150, EOC-7160,
EOC-8372, EOC-8380
Inconsistent terminology or | Quality EOC-2020

functionality.

Testability | EOC-2020

Ambiguous wording. Quality EOC-5105, EOC-8090
Testability | EOC-5105, EOC-8090
Broad scope Quality EOC-2045, EOC-3225, EOC-3226,

EOC-4015, EOC-4018, EOC-5187,
EOC-6135, EOC-9110

Testability | EOC-2045, EOC-3225, EOC-3226,
EOC-4015, EOC-4018, EOC-5187,
EOC-6135, EOC-9110

EXHIBIT 4-11: Summary of EOC Issues

4.3.3.3 Instrument Control Center Requirements (ICC)

The ICC requirementapply to allthe services associated with this functiam;luding the IST
requirements. Thiollowing arehighlights ofthe identified issuegor this element.Exhibit 4-12
summarizes the problems found in this area.
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Traceability Issues

. Missing peer linkages Traceability information dichot provide a peefink to ICC
requirements for the EOC requirement statimaf command notification messages be
provided to the ICC. (EOC-4168)

Quality Issues

. Inconsistent terminology or functionalityThe definition for “Long Term Spacecraft
Operations Plan” containealithin the FOS sectiodiffers from what isstated in the
Appendices. (EOC-2020)

. Ambiguous wording The general purpose of the requiremeninderstood, however,
in the contextgiven, the word ormphrase couldyield more than one interpretation.
Example issues include the following:

EOC-5105: The purpose for requiring multiple setbnaifs needs to be defined. It is
not clear fromthe requirement what thefferentlimit setswould be used and to what
extent.

EOC-8090: Clarification of the capability of EOC toestablish its configuration is
needed. This requirement was ambiguous and needs additional informalgdineats
scope.

. Broad scope. Several requirements astated in broad terms requiagditional detail
for clarification. Example issues include the following:

EOC-2045: The phras€ommonSet ofCapabilities” is broadlptated. Examples of
typical desired capabilities can clarify the scope of this requirement.

EOC-3225: Number of simultaneocli®O activities to besupported is unclear. Since
resources will bdimited, it is necessary tknow how many simultaneousTargets of
Opportunity the system should be able or expected to support.

EOC-4015: Validation process foommandsnay needhdditional clarification. The
scope oftommand validation needs to tlearly define inorder to focusdevelopment
effort.

EOC-6135: Criteria is needed foapability to recommensipacecraft reconfigurations
It was not clear from the requirement what action or event would trigger these
recommendations.

EOC-9110: Clarification of performance criteri@r thesystem torespondwithin 0.5
seconds is needed. Itnstclear from the requirement if the response is associated to
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EOS Operation Center (EO@quirements, and Instrument Control Center (ICC) requirements.
The ICC segment alsimcludes requirement®r the Instrument Suppofterminal (IST) sub-
element. In general, theajority ofthe problems centered aroutidceability and quality issues.
The following is an overall summary of the issues for the entire segment by type.

4.3.3.1 FOS Segment Level Requirements (FOS)

The FOS segmeiivel requirements apply tall the elements associated with this function. The
following are highlights ofthe identified issuedor this element. Exhibit 4-10 summarizes the
problems found in this area.

Traceability Issues

. Questionable Level 2 linkagesThe Level 2 linksprovided for the FOS requirement
addressing the adaptation of a general purpoBeduling interfacéor cmmunicating
planning and scheduling information are questionable. (FOS-0030)

Quality Issues

. Broad scope It is notclear from theLevel 3 requirement ithe system is required to
provide thefull complement of FOScapabilities while inthe training mode of
operations. The scope tiis requirement needs furtheéefinition to indicate which
functions are needed and thus allocate the proper amount of resources. (FOS-0020)

Testability Issues

. Broad scope The broad scope of FOS-0020 affects the development of acceptance
test criteria for this requirement.

Issue Description Issue Type Affected Requirements
Questionable Level 2 linkages. Traceability FOS-0030
Broad scope. Quality FOS-0020

Testability FOS-0020

EXHIBIT 4-10: Summary of FOS Segment Level Issues

4.3.3.2 EOS Operations Center Requirements (EOC)

The EOC requirementpply to allthe services associated with this function. Tokowing are
highlights of the identified issues for this element. ExHiditt summarizeshe problems found in
this area.
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. Inconsistent level of detailThelevel of detail ofthe requirement is inconsistemth
related (i.e., peer) ECS or non-ECS requirements.

. Redundant requirementunctionality specified in requirementéslundant with this or
another element/segment.

Testability Issues

. Ambiguous wording Assumptions as to th@eaning ofthese words or phrases are
required to define a test approach and/or quantitative acceptance criteria.

. Broad scope The requirement i®o general. Due tmissingdetails, assumptions are
required to formulate a test approach and/or quantitative acceptance criteria.

Issue Description Issue Type| Associated Requirements
Missing Level 2 linkages. Traceability PGS-0420, PGS-0430
Questionable Level 2 linkages. TraceabilifPGS-0290, PGS-0455, PGS-0456,

PGS-0458, PGS-0510, PGS-0600,
PGS-1015, PGS-1080, PGS-1090,
PGS-1250, PGS-1260

Inconsistent data flows. Quiality PGS-0140, PGS-0150, PGS-0160,
PGS-0640, PGS-0960

Inconsistent terminology or functionality. | Quality PGS-0150, PGS-0160, PGS-0180,
PGS-0285, PGS-1030

Ambiguous wording. Quality PGS-0210, PGS-0285, PGS-0295%,

PGS-0456, PGS-0650, PGS-091(
PGS-0970, PGS-1210, PGS-123(
Testability | PGS-0285, PGS-0456, PGS-065(
PGS-0910, PGS-0970, PGS-121(

Broad scope. Quiality PGS-0380, PGS-0540, PGS-055(
PGS-0650, PGS-0910, PGS-115(
PGS-1170, PGS-1220

Testability | PGS-0540, PGS-0550, PGS-0650

A A A A —— s — a4

PGS-0910
Inconsistent level of detalil. Quiality PGS-0160, PGS-0285
Redundant requirement. Quality PGS-0420, PGS-0490

EXHIBIT 4-9: Summary of PGS Issues

4.3.3 Level 3 Flight Operations Segment Requirements

The review of theFunctional and Performance Requirement SpecificationsthirFlight
Operations Segmeimvolved analyzinghree distinct areasiverall FOS segment requirements,
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4.3.2.4 Product Generation System Requirements (PGS)

The PGS section consists of lfofhctional, performance, and application programming interface
(API1) requirements. Thé&unctional requirements addregese fourbasic services provided by
PGS, namely, schedulingproduct generationalgorithm test and integration, and pract
management. Exhibit4-9 summarizes the issues found; detailed descriptions and
recommendations for each of these requirements af@pendix C, D and E. Traceability,
quality, and testability issues, most of them mimgete identified for 35 requirements and are
summarized as follows:

Traceability Issues

. Missing peer linkages Peerlinks are notspecified for any ofthe 104 PGS
requirements.

. Questionable Level 2 linkagedn most cases, thepecified linksare incomplete (i.e.,
additional linksare needed), and in one caselifiles are overspecified(i.e., one or
more links are not applicable).

. Missing Level 3 LinkagesAll requirements in this section have at least lmhketo a
Level 2 requirement, except for PGS-0420 and PGS-0430.

Quality Issues

. Inconsistent data flows A data transfer ispecified inthe requiremerthat is not
specified eithethe Conceptual PGS Contdxtagram (Figurer-3) or the Conceptual
PGS Datd&lows (Tabler-1), or a data transfer specified in either Figuré-3 orTable
7-1 that is not satisfied by any PGS requirements.

. Inconsistent terminology or functionalityThe terminology used, dhe functionality
indicated in the requirement is inconsistent waither ECSrequirements and/asther
sections of the ECS F&PRs.

. Ambiguous wording The general purpose of the requiremeninderstood, however,
in the context given, the word or phrase could yield more than one interpretation.

. Broad scope The requirement i®o general. Due taissingdetails, either the scope
or purpose of the requirement is not clear.

. Questionable standards or guidelineStandard formatting conventispecified in the
requirement is not defined.
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Quiality Issues
. Inconsistent terminology or functionalityThe terminology used, dhe functionality

indicated in the requirement is inconsistent waither ECSrequirements and/asther
sections of the ECS F&PRs.

. Ambiguous wording The general purpose of the requiremeninderstood, however,
in the context given, the word or phrase could yield more than one interpretation.

. Broad scope The requirement i®o general. Due taissingdetails, either the scope
or purpose of the requirement is not clear.

. Inconsistent level of detailThelevel of detail ofthe requirement is inconsistemth
related (i.e., peer) ECS or non-ECS requirements.

. Incomplete requirementMinor functional capabilities may have been omitted.

Testability Issues

* Broad scope The requirement itoo general. Due taonissingdetails, assumptions are
required to formulate a test approach and/or quantitative acceptance criteria.

Issue Description Issue Type | Associated Requirements
Questionable Level 2 linkages. TraceabilityMS-0590, IMS-0800, IMS-0960
Inconsistent terminology or functionality] Quality IMS-0910, IMS-1010, IMS-1030,

IMS-1060, IMS-1210, IMS-1450,
IMS-1650, IMS-1700

Ambiguous wording. Quality IMS-0180, IMS-0270, IMS-0440,
IMS-1600
Broad scope. Quality IMS-0480, IMS-0570, IMS-0600,

IMS-0640, IMS-0690, IMS-1105
Testability | IMS-0570, IMS-1105
Inconsistent level of detalil. Quiality IMS-0480

Incomplete requirement. Quality IMS-0490, IMS-0560, IMS-0630,
IMS-0730, IMS-0740, IMS-1000,
IMS-1050, IMS-1070, IMS-1160,
IMS-1470, IMS-1510, IMS-550,
IMS-1720

EXHIBIT 4-8: Summary of IMS Issues
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Issue Description Issue Type | Associated Requirements

Questionable Level 2 linkages. TraceabilityDADS1520, DADS1640, DADS2060
DADS3010, DADS3090

Inconsistent data flows. Quiality DADSO0120, DADS0150, DADS0160

DADSO0180, DADS2330, DADS2340
DADS2345, DADS2360, DADS2370
DADS2380, DADS2390, DADS2470

Inconsistent terminology or functionality.Quality DADS0140, DADS1210, DADS1640
DADS2120

Inconsistent level of detail. Quality DADS1950, DADS1960, DADS1970
DADS2060, DADS2070

Missing peer requirement. Quality DADS2230

Broad scope. Quality DADS1340

Ambiguous wording. Quality DADS0430, DADS0610, DADS0680

DADS2170, DADS2480, DADS2910
Testability DADS0430, DADS0610, DADS0680
DADS2480, DADS2910, DADS1640

Questionable standards or guidelines. | Quality DADS1700
Testability DADS1700
EXHIBIT 4-7: Summary of DADS Issues

4.3.2.3 Information Management System Requirements (IMS)

The IMS section consists of 1@ctional, performance, and application programming interface
(API) requirements that address 11 major service aidsubit 4-8 summarizesheissues found;
detailed descriptions and recommendations for each of these requiremen&ppenaix C, D,

and E. Traceability, quality, and testability issues, most of them mueoe identified for 33
requirements and are summarized as follows:

Traceability Issues

. Missing peer linkages Peerlinks are notspecified for any ofthe 193 IMS
requirements.

. Questionable Level 2 linkagedn some cases, ttgpecified linksare incomplete (i.e.,
the functionality stated in the_evel 2 requirement iaot completely carriedlown to
Level 3), and in other cases the specified links are incorrect (i.e., a more appliokriate
could be found).
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Quality Issues

. Inconsistent data flows A data transfer ispecified inthe requiremerthat is not
specified eithethe Conceptual DADS Contektiagram (FigureZ-4) or the Conceptual
DADS DataFlows (Table7-2), or a data transfer gpecified in either Figuré-4 or
Table 7-2 that is not satisfied by any DADS requirements.

. Inconsistent terminology or functionalityThe terminology used, dhe functionality
indicated in the requirement is inconsistent waither ECSrequirements and/asther
sections of the ECS F&PRs.

. Ambiguous wording The general purpose of the requiremeninderstood, however,
in the context given, the word or phrase could yield more than one interpretation.

. Broad scope The requirement i®o general. Due taissingdetails, either the scope
or purpose of the requirement is not clear.

. Questionable standards or guidelineBue to the dependence oneaolving standard,
the requirement is undefined.

. Inconsistent level of detailThelevel of detail ofthe requirement is inconsistemth
related (i.e., peer) ECS or non-ECS requirements.

. Missing peer requirement The requirementspecifies an interface t@nother
element/segment; a corresponding (ipeer) requirement fothat element/segment
could not be found in the Level 3 F&PRs.

Testability Issues

. Inconsistent terminology or functionalityThe requirement references another section
of the F&PRswhich contains volumestimates, howevesufficient informationvas not
found to support the requirementAdditional detail is needed to derive quantitative
acceptance criteria.

. Ambiguous wording Assumptions as to th@eaning ofthese words or phrases are
required to define a test approach and/or quantitative acceptance criteria.

. Questionable standards or guidelinesAdherence to specifstandards ardifficult to
test due to the standard being in an evolutionary stage.
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* Missing Level 2 linkagesAll requirements in this section have at leastlimketo a Level
2 requirement, except for SDPS0085.

Quality Issues

. Ambiguous wording The general purpose of the requiremeninderstood, however,
in the context given, the word or phrase could yield more than one interpretation.

. Broad Scope The requirement i®o general. Due tonissingdetails, either the scope
or purpose of the requirement is not clear.

Issue Description Issue Type Associated Requirements

Missing Level 2 linkages. Traceability) SDPS0085

Questionable Level 2 linkages. Traceability SDPS0040

Ambiguous wording. Quality SDPS0050, SDPS008p,
SDPS0090, SDPS0095

Broad scope. Quality SDPS0120, SDPS0140, SDPS01j70

EXHIBIT 4-6: Summary of SDPS Segment Level Issues

4.3.2.2 Data Archive and Distribution System Requirements (DADS)

The DADS section consists of 196@nctional, performance, and application programming
interface (API) requirements. Thenctional requirements addrebe five major services at each
DADS, namely,data ingest, datarchive, orders/requests processisgstem management, and
information distribution. Exhibid-7 summarizeshe issues found; detailed descriptions and

recommendations for each of these requirements a#gpendix C, D, and E. Traceability,

quality, and testability issues, most of them mimgete identified for 33 requirements and are

summarized as follows:

Traceability Issues

. Missing peer linkages Peerlinks are notspecified for any ofthe 196 DADS

requirements.

. Questionable Level 2 linkagedn some cases, ttgpecified linksare incomplete (i.e.,
additional linksare needed), and ather cases thgpecified linksare incorrect (i.e., a
more appropriate link could be found).
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Issue Description Issue Type Associated Requirements

Missing peer linkages. Traceability EOSD0010, EOSD0015, EOSD0020,
EOSD0025, EOSD0030, EOSD0040,
EOSD1000, EOSD1010, EOSD1030,
EOSD1040, EOSD1050, EOSD1060,
EOSD1070, EOSD1080, EOSD1140,
EOSD1480, EOSD1490, EOSD1500,
EOSD1680, EOSD1690, EOSD1695,
EOSD5000, EOSD5010, EOSD5100,
EOSD5200, EOSD5210, EOSD5300,
EOSD5310

Questionable Level 2 linkages. Traceability EOSD1608, EOSD1740, EOSD1750,
EOSD1760, EOSD1770, EOSD4036,

EOSD4100,

Ambiguous wording. Quality EOSD0540, EOSD0545, EOSD0560,
EOSD1705, EOSD1750, EOSD2480,
EOSD2550

Redundant requirements. Quiality EOSD3710, EOSD3800

EXHIBIT 4-5: Summary of EOSD System Level Issues

4.3.2 Level 3 Science Data Processing Segment Requirements

Requirements for th&cience Data Processing Segm@DPS) aredivided intothe following
areas: segmemnével; Data Archiveand Distribution System; Information Management System;
andProduct GeneratioBystem. Thewre prefaced with “SDPS”, “DADS”, “IMS”, and “PGS”,
respectively. Thefollowing sectionspresent thetraceability, quality, and testability issues
identified for each of these areas.

4.3.2.1 Segment Level Requirements (SDPS)

The segmernievel SDPS area consists of &hctional, performance, and interface requirements.
Exhibit 4-6 summarizeshe issues found; detailed descriptions and recommendations for each of
these requirements are Appendix C and Appendix E. Traceability and quality issoest of

them minor, were identified for nine requirements and are summarized as follows:

Traceability Issues

» Missing peer linkagesPeer links are not specified for any of the 29 SDPS requirements.

* Questionable Level 2 linkagesin SDPS0050, it is questionable whether ltkegel 2
requirement specified is the appropriate link.
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4.3 ldentified Problems

This section discussdbe problems identified as eesult of the ECS.evel 2 and Level 3
requirements analyses.

4.3.1 Level 3 ECS System Level Requirements

The ECS is comprised of tHdight Operations Segment (FOS), tBeience Data Processing
Segment (SDPS), and tl@mmunications and System Management Seg(@swS), which
collectively provide theservices to command amdntrol spacecraft instruments andntanage
the earth science data repository. The E@&3em levetequirements are those requiremehtg
are common tall three ECS segments, and are prefagighl “EOSD”. Quality and traceability
issues identifiedor these requirements follows. The types of issues founthandssociated
requirement references are summarized in Exhibit 4-5.

Traceability Issues

. Missing peer linkagesPeelinkageswere notspecifiedfor any ofthe 125 ECSystem
level requirements

. Questionable Level 2 linkagesA smallnumber of links to Level 2equirements are
weak, incomplete, or inaccurate. Wdalkages, such as these, hdie potential to
obscure the origin of a particular Level 3 requirement.

Quality Issues

. Ambiguous wording.Use of words or phrasesit of ontext, such a®OAAC”, could
lead to interpretation issueor instance, in one contelXAAC refers toexistingdata
center facilities performingdata archiving, retrieving, and distribution. lanother
context, DAAC refers tahe elements being builtnder the EOSDIS contract and
deployed to theDAAC data centers. Although thetwo are related, they doave
different meanings, since the capabilities of the two types of DAACs are different.

. Redundant requirements EOSD3710 and EOSD3800 are redundant RMA
requirements. EOSD3710 describes a FOS requiremehavorg no singlgoint of
failure for real-time operations dfie spacecraft and instruments. The intent of
EOS3710 igncluded inthe EOSD3800 requirementhich describeghe availability
requirement of .9998 for similar real-time operations.
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4.2 Problem Classification

Traceability, quality, and testability problems found during the ECS requirements analysis are
grouped into the following categories:

Questionable Level 2 linkages. Links to Level 2 requirements are incorrect or incomplete. Links
may be over-specified, under-specified, or incorrectly specified.

Missing Level 2 linkages. Links to Level 2 requirements are not specified.

Missing peer linkages. Links to related Level 3 requirements (i.e., peer) are not specified.

Missing peer requirement. Related Level 3 requirement (i.e., peer) does not exist.

Inconsistent level of detail. Level of detalil is inconsistent with related Level 3 (i.e., peer)
requirements.

Inconsistent data flows. Information flows specified in the requirement are inconsistent with
context diagrams and/or data definition tables.

Inconsistent terminology or functionality. Terminology used, or functionality indicated is
inconsistent with other ECS requirements and/or other sections of the F&PRs.

Ambiguous wording. Words or phrases are unclear or undefined, and could yield more than one
interpretation.

Questionable standards or guidelines. Requirement mandates use of an evolving standard.

Redundant requirement. Functionality specified in the requirement is redundant with another
Level 3 requirement.

Broad scope. The requirement is too general. Due to missing details, either the scope or purpose
of the requirement is unclear.

Incomplete requirement. Minor functional capabilities are missing.

Lessons learned. Requirements are missing at Level 2 and Level 3 to address several lessons
learned from other GSFC data and information systems.
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Exhibits 4-2, 4-3and 4-4illustrate the requiremengnalysismetrics for traceabilityguality and
testability.

Level 2 Volume 1 Traceability Requirements Level 3 ECS Traceability Requirements
) Major Moderat
Major Problems P Obfra € Minor
Problems 0% ol Dems Problems
34% 2% 5%
No
Problems
51%
Minor Moderate No
Problems  Problems Problems
% 8% 93%

EXHIBIT 4-2: Metrics for Traceability

Level 3 ECS Quality Requirements
Major

Problems Moderate
1% Problems Minor
2% Problems
10%

No
Problems

87%

EXHIBIT 4-3: Metrics for Quality

Level 3 ECS Test Requirements

Major Moderate Minor
Problems Problems Problems
0% 1% 1%

No
Problems
98%

EXHIBIT 4-4: Metrics for Testability
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4.0 RESULTS

This section describdbe results of the requiremeiatsalysis. Problem details, requirement-by-
requirement, are described Appendices C (major problems), D (moderate problems), and E
(minor problems). Appendix F contaitie associatednalysisrationaletext. Appendix B is the

road map into the appendices and should be understood prior to referencing them. The formats of
Appendices C, D, E, and F closely parallel the actual structure of the ARDB.

4.1 Overview of Results

Exhibit 4-1 provides a summary of the ECS Level 3 requirements analysis results by system area.

Level 2 Volume 1 lotal No | Major Problems  Mpderate Problems Mlinor Problems No Problems
Requirements of Rats T|race Qual Test Tiace ual Test Trace Qual Test Trgce Qual Test
Vol 1 S-3.1.1 Gen'lletc 69 29 n/a n/a 1 n/a n/a 8 n/a n/a 31 n/a n/a
Vol 1 S-3.1.2 Func/etc. 183 58 n/a n/a 20 n/a n/a 12 n/a n/a 93 n/a n/a
Vol 1 S-3.2 Evolve/etc. 16 4 n/a n/a 1 n/a n/a n/a n/a 11 n/a n/a
Level 2 Vol 1 Total 268 91 n/a n/a 22 n/a n/a 20 n/a n/a 135 n/a n/a
Level 3 ECS Total No | Major Problems  Moderate Problems Minor Problems No Problems
Requirements of Rgts T|race Qual Test Tiace ual Test Trhce Qual Test Trdce Qual Test
ECS EOSD (Sys Lvl) 125 2 5 28 118 97 125
ECS SDPS DADS 196 2 4 1 3 26 7 191 166/ 188
ECS SDPS IMS 193 1 3 2 28 2| 190] 162| 191
ECS SDPS PGS 104 2 2 2 11 23 6 91 79 96
ECS SDPS SDPS 29 1 1 7 27 22 29
ECS FOS EOC 176 1 8 6 25 4 1| 150, 164| 169
ECS FOS FOS 6 1 1 1 5 5 5
ECS FOS ICC 211 11 5 3 1 4 199| 202, 208
ECS CSMS ESN 66 1 1 65 65 66
ECS CSMS SMC 145 7 3 3 18 1 124| 134, 145
Level 3 ECS Total 1251 3 7 0 22 25 12 66 123 17( 1160/ 1096/ 1222

n/a:  Not Analyzed (Out of scope of this analysis)
Note: Row values may not sum to total number of requirements since a requirement can exhibit multiple problem levels

EXHIBIT 4-1: Requirements Analysis Summary
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TRACEABILITY DATA SOURCE
Level 1 to Level 2 SEIMSS/MTPE
Level 2 to Level 3 HAIS

EXHIBIT 3-5: Sources of Requirement Linkages
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for it's capability totrace requirements back to parent documertiigzing the parent-child
relationships which were provided by the development contractor.

ARDB Partitioning - The ARDB is partitioned fmarallelthe requirements documenitgvel

2 - Volume 1 by major section; Level 3 - B Ssegment/element and requiremigientifier
prefix. Exhibit 3-3 illustrates this partitioning.

Level 1 EOS Level 1 Project Plan

L2 Vol 1 ESDIS Level 2 Volume 1 (ECS) Requirements data bases
DADS ECS DADS requirements data bases

EOC ECS EOC (EOS Operations Center) requirements data bases
EOSD ECS EOSD requirements data bases

ESN ECS ESN requirements data bases

FOS ECS FOS requirements data bases

ICC ECS ICC (Instrument Control Center) rgmts data bases
IMS ECS IMS requirements data bases

PGS ECS PGS requirements data bases

SDPS ECS SDPS requirements data bases

SMC ECS SMC requirements data bases

EXHIBIT 3-3: IV&V ARDB Partitioning Schema

Exhibit 3-4 identifies the requirements documents subjecthts analysis. Exhibit 3-5
identifies the sources of requirement linkages information.
LEVEL |TITLE DATE
1 Execution Phase Project Plan For Earth Observing
System, GSFC 170-01-01 9/93
2 Earth Data Information System Project ECS
Volume 1 (Through CH19) 1/27/93
3 Functional and Performance Requirement Specifications
for the EOS Data and Information Core System, | 6/2/94
Revision A CH-01
EXHIBIT 3-4: Requirements Documents Analyzed
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3.3 Tools and Data Bases Utilized

Exhibit 3-2 lists the tools and datdasesthat wereutilized in the evaluation of the ECS
requirements along with the corresponding version/releaseber and their corresponding

environment.

EOSDIS Core System Preliminary Requirements Analysis

V&V TOOLS VERSION/RELEASE # | ENVIRONMENT
ARDB

implemented using

Visual C++ 2.0

Excel 50 PC

Word 6.0

Novell Netware LAN

WorkPlace 2.5.4 PC

RTM 2.3 Sun

EXHIBIT 3-2: Tools and Databases Used

Automated Requirementsaila Base (ARDB) - The Automat&equirements Data Base
(ARDB) is the repository for the requirememtsalysisand traceabilitglata. This data is
stored in ahierarchy of subdirectories containisgreadsheets. The spreadsheets contain
analysiametrics andinks to electronic Requirements TechniéadalysisForms on over 3,000
requirements. They also contain documentation and graphics. The ARDB Windows Interface
is designed to managbe task ofccessing thiglata byproviding an easy taise menu
structure in avindows environment. This mermstructureeliminatesthe need for aetailed
knowledge of the requirements structure, so that analysts carfieddie desiredlata. The
Windows interface can also be used to control acce$isetadata andhanagethe object
linking necessary tareate an@xaminethe Technical Analysiorms in their format as Word
documents. The IV&V analysts utilized this tool to evaluate requirements in a consistent
manner.

Novell Netware LAN Workplace - Thélovell Netware LAN Workplace ibeingused for
information transfer between team members. gtosip of tools supports theansferring of
files fromthe Sun to the PCshich enableshe import of RTHiles produced in RTM. These
imported files may then be subjected to key word searches to support analysis.

Requirements Traceability Managem@RTM) Tool - Theanalysis made extensiuse of the

RTM tool (by Marconi -Sun/UNIX resident) to evaluate traceability betwkssels 2and 3,
utilizing a snapshot of the ECS contractor’s dagse as of late AugusiThis COTS-based

tool is used foinformation and requirements traceabitityoughout the EOSDIS [IV&\ife

cycle. Since the tool is configurable, it also supports traceability of requiremémtsiésign

and implementation lifecycle components as well as test cases. The IV&V analysts used RTM
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performed for EC3.evel 3 F&PR Specificationfl]: Level 3 to Level 2 and Level Beer-to-
peer.

3.1.2 Quality Evaluation

The Level SECSF&PR Specification$l] wereevaluated for qualityQuality was measured by
evaluating each requirement against evaluation criteria described in Appendix A to determine if
the requirement is accurate, unambiguous, complete, flexible, and consistent.

3.1.3 Testability Evaluation

The Level 3ECSF&PR Specification$l] wereevaluated for testability in accordance with the
criteria described in Appendix A.

3.2 Constraints Affecting the Analysis

Existing automated RTM dathases arenot yet integrated ofully populated withbaselined
requirements, particularly fdrevel 1. This necessitatése manual evaluation oflocument-
embeddedrace notationgparticularly) betweeievels 1and 2, and doasot permit verification
of the consistency between document content and automated data base representations.

Theanalysis othe ECS contractor provided RTM dé&iase is based on a snapshot current as of
the end of August. Thereforany changes made afténat time were not part of thanalysis.
Futureanalyses, to bhully effective, must addresse most current state of the data baskss
canonly beassured bynaintainingelectronic synchronization between each elem@&isl data

base and the IV&\image ofthem. The problem can be mitigated for future IV&V requirements
analyses by utilizing RTM’s data base partitioning capability and appropriate Project agreements.

An additional constrairaffectingthe analysisrelates tomissingdatawithin the RTM data bases
provided by the ECS contractoReview of Level 2 requirements is partly affectedhssystem
having incompletgaragraphdentificationfor all requirements. Currently, dalb@se paragraph
identificationfor Level 2 requirementsnly contains thetem identification(i.e., “a.”) butnot the
associatechumericalparagraph prefix. Thus, usesse prevented frombtaining requirement
listings bysection. Thisappears to be a result of tindial loading effortsincethe data structure
does duplicate the layout within the original document. Entries shoutwtieeted tanclude the
full paragraph identification in order to facilitate reader understanding and future analyses.
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3.0 METHODOLOGY AND APPROACH

This section describgéke V&V methodology and theechnicalapproachutilized to perfornthis
requirements analysis. Appendix A descriée overall V&V requirementsanalysis
methodology.

3.1 Analysis Tasks Performed

Exhibit 3-1 is adapted from the EOSDIS IV&V Independ8ystem Verification and Validation
Plan (ISVVP) [4] and Iillustrates thtotal potential scope of EOSDIS IV&VYequirements
analyses. The requiremergsalysis activitieperformed for this efforare indicated by theé
symbol. The methodology used in the analysis is described in Appendix A.

Level 1 Level 2 Level 3 Level 4
Traceability N/A
ECS Yes V Yes V Yes
EDOS Yes Yes Yes
Ecom No No No*
Quality No
ECS Yes Yes V Yes™**
EDOS Yes Yes Yes™**
Ecom No No No
Testability No
ECS Yes Yes V Yes
EDOS Yes Yes Yes
Ecom No No No

EXHIBIT 3-1: Requirements Analysis Scope

Yes = If authorized by task assignments and assuming adequate resources are available
* Traceability linkages for Ecom are accepted, without analysis, from the Ecom IV&V contractor

** If resources or tasking for full Level 4 requirements analysis are not available, Level 4 requirements
will only be analyzed to determine if ambiguities found at Level 3 have been satisfactorily resolved.

3.1.1 Traceability Evaluation

Two traceability analysewere performed for ESDISevel 2 Volume 1EOSDIS CoreSystem
Requirement$2]: Level 2 to Level 1 and Level 2 to Level 3'wo traceability analysewere
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2.4 Background Information

This analysidas been performed apart of EOSDIS IV&V Task FRequirementé\nalysis and
Traceability), morespecifically Subtask 5.1(Preliminary Requirements AnalysisDue to the
simultaneous IV&Vcontract starand Task initiation, in addition tihe actuabnalysis of ECS

requirements, this effort also required extensive, concurrent IV&V support development activity:

Tailoring the standard IV&V requirements analysis processes to the needs of the EOSDIS,

Designing andmplementinghe 1V&V Automated RequiremenBata Base (ARDB) and
tools to efficiently support the tailored processes (assisted by EOSDIS IV&V Task 4), and

Importing the ECS developefequirements Traceability Managem@RT M) database
containing traceability information to higher level.

Obtaining traceabilitydata for Mission To PlanetEarth (MTPE) requirements by
requesting a report from a SEIMSS maintained RTM data base.

2.5 References

1. Functional and Performance Requirements Specification for the Earth Observing System
Data and Information System (EOSDIS) Core System, 423-41-02, 6/2/94.

2. Earth Science Data Information System Project (ESDIS), Level 2 Requirements EOSDIS
Core System (ECS) Volume 1, 423-10-01-1 Revision A (through Change 19).

3. Execution Phase Project Plan For Earth Observing System, GSFC 170-01-01, 9/93.

4. EOSDIS V&V IndependentSystem Verification and Validation Pla(SVVP),

Intermetrics, October 17, 1994.
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2.0 INTRODUCTION

This introduction section ofhe EOSDIS V&V “EOSDIS Cor&ystem (ECS) Preliminary
Requirementg\nalysisReport” discusses thpurpose, objectives, and scope of the requirements
analysis, and includes relevant background information and reference material.

2.1 Purpose of the Report

The purpose athis technical analysieport (TAR) is todocument the results of amdependent
ECS requirementanalysisconducted by the EOSDIS V&V team over the period 17 June 1994
to 28 October 1994 This TAR documents existing and potential problmeasincluding their
relative severity and possible advenmsglicationsfor the ECS developmerdyerall EOSDIS
validation/certification, and user satisfaction.

2.2 Objective of the Analysis

The objective of this requiremendmalysis is toassess théechnical integrity(the traceability,
quality, and testability attributeswhich will be further discussed in sectidhl) of the ECS
functional and performance requirements (F&PR) specifications contairthd i June 1994
baseline[1]. Specifically, the analysis identifiescharacterizes, quantifies, and recommends
(wherefeasible) solutions to problems withe baselined requirementsjissing or incomplete
requirements, parent-child armker-to-peerlinkages, andthe configuratioomanagement of
requirements and linkages. Problamos$ inheently visible atthe individual requirementevel are
also examined. Thanalysisfurther assesses thossible impact of identified and potential
problems orthe ability to successfullglesign, implement, and certifige overall EOSDIS, from
both a system engineering and a user satisfaction viewpoint.

2.3 Scope of the Analysis

ECS associated requirements amnalyzedfor traceabilityacrosdevels 1, 2and 3. Quality and
testability are analyzdor level 3requirements onlyEOS Dataand Operations SystefEDOS),

EOS Communications System (Ecom), atiter Projectequirements are outside of the scope of

the currentanalysis. The technical integrity dhe requirements allocation EECSreleasege.g.,

Interim Release lare not thesubject of this analysis. Requirements criticafibeir relative
importance) and development risk (the uncertaintgobfevingthe desiregystem) analyses are

also not included in this analysis. Requirements allocation, criticality, and risk will be addressed in
subsequent analyses targeted at specific system releases.
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Traceability problems, especiaigsociated witlinks from level 2 Volume 1 to level 3 ECS
requirements, are a serious concern,

The incomplete, and somewhat arbitrary, configuration managemerkagjes and release-
specific level 3 requirements can have serious implications during later lifecycle phases,
Lack of requirement-to-requirement terminology datadefinition integrity (cleadefinition
and consistency of usage) is a major contributing factor to quality problems, and

The ICC to EOC interface lieingtreated as amternal interface andot as an EC8xternal
interface.

We believethe following key recommendationsould be ofhigh-value tathe ESDIS Project and
to a successful EOSDIS:

1.

2.

3.

Requirements linkages be configuration controllethbyESDIS Project to theame extent
that the requirements themselves are controlled,

Release-specific level Be., the ECS contractorlevel 3.5) requirements be configuration
controlled by the ESDIS Project separately from overall level 3 requirements,

The interface between ICC and the EOGrbated as apxternal interface through creation
of an IRD and ICD,

This analysis beepeated eachime requirements any level(l, 2, or 3) areebaselined,
tasking and resources permitting, and

EOS Dataand Operations System (EDOS) requirements be includetune analyses and
that the results of the EOSommunications Systeificom) IV&V contractoranalyses be
incorporated.

Implementation of recommendations 1, 2 and 3 wheald maximizeoverall technical integrity.
Implementation of recommendations 4 and 5 would pravideESDIS Projeatith a complete,
up-to-date, consistent picture of overall EOSDIS requirements technical integrity.
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1.0 EXECUTIVE SUMMARY

This technical analysieport (TAR)documents the results of an independ&@§ requirements
analysisconducted by the EOSDIS IV&V team over the period 17 June 1994 to 28 October
1994. Theobjective is to assess ttexhnical integrity(the traceability, specification quality, and
testability attributes) athe ECSunctional and performance requirements (F&PR) specifications
contained in the 2 June 19%dseline. The analysis identifiescharacterizes, quantifies, and
recommends (wheréasible) solutions to problems with: fhe baselined requirements, 2)
missing or incomplete requirements, 3) parent-child apder-to-peerlinkages, and 4)
configuration management of requirements and linkages. ETI® associated requirements are
analyzedfor traceabilityacrosslevels 1, 2and 3. Quality and testabiligttributes areanalyzed

for level 3 requirements only.

The analysis made extensiuse of the Requiremenitsaceability ManagemerfRTM) tool (by
Marconi - Sun/UNIX resident) to evaluate traceability betweesls 2and 3,utilizing asnapshot
of the ECS contractor’s dabmse as of late Augusidditional tooling is PC LAN resident and
consists of a set of spreadshewsttrics data bases (MS Excellnked to associatedanalysis
rationale datdases (MSNord). Themetrics/rationalelatabases are partitioned parallel the
requirements documentgvel 2 - Volume 1 by majosection;level 3 - byECS segment and
requirement identifier prefix. Problem metraa® quantified into foulevels of severity - major,
moderate, minor, and none. Exhibit 1-1 illustrates this partitioning and sumntiaginamber of
requirementsexhibiting problems, byevel of severity, including acount of thosewith no
identified problems. Problenmot inherently visible athe individual baselinedequirementevel
(i.e., those related to a collection of requirements, associatechisgiimgrequirementsetc.) are
evaluated and reported but are not currently quantified in the metrics data bases.

Level 2 Volume 1 lotal No | Major Problems  Mpderate Problems Mlinor Problems No Problems

Requirements of Rats T|race Qual Test Tiace ual Test Trace Qual Test Trgce Qual Test
Vol 1 S-3.1.1 Gen'lletc 69 29 n/a n/a 1 n/a n/a 8 n/a n/a 31 n/a n/a
Vol 1 S-3.1.2 Func/etc. 183 58 n/a n/a 20 n/a n/a 12 n/a n/a 93 n/a n/a
Vol 1 S-3.2 Evolve/etc. 16 4 n/a n/a 1 n/a n/a n/a n/a 11 n/a n/a
Level 2 Vol 1 Total 268 91 n/a n/a 22 n/a n/a 20 n/a n/a 135 n/a n/a

Level 3 ECS Total No | Major Problems  Moderate Problems Minor Problems No Problems

Requirements of Rgts T|race Qual Test Tiace ual Test Trhce Qual Test Trdce Qual Test
ECS EOSD (Sys Lvl) 125 2 5 28 118 97 125
ECS SDPS DADS 196 2 4 1 3 26 7 191 166/ 188
ECS SDPS IMS 193 1 3 2 28 2| 190] 162| 191
ECS SDPS PGS 104 2 2 2 11 23 6 91 79 96
ECS SDPS SDPS 29 1 1 7 27 22 29
ECS FOS EOC 176 1 8 6 25 4 1| 150, 164| 169
ECS FOS FOS 6 1 1 1 5 5 5
ECS FOS ICC 211 11 5 3 1 4 199| 202, 208
ECS CSMS ESN 66 1 1 65 65 66
ECS CSMS SMC 145 7 3 3 18 1 124| 134, 145
Level 3 ECS Total 1251 3 7 0 22 25 12 66 123 17 1160] 1096, 1222
n/a:  Not Analyzed (Out of scope of this analysis)
Note: Row values may not sum to total number of requirements since a requirement can exhibit multiple problem levels

EXHIBIT 1-1: Summary of Identified Requirements Problems
The analysis yielded several key findings:
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